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(NEW! High Power Toys We Have Ever Offered! 
e e e Designed by Armand Spit world-famous maker f the Spit 
Icrosco e€ yec lve Planetarium. Projects nearl 400 stars, more than 70 con 
e stellations in their corres elationships. Use it in any darkenec 
pe . . room of the house, project it on the ceiling. No batteries, wor! 
Providing 4 Work Distance ore Upright Image on ordinary household current. Two simple adjustments that show 
you the sky as it appears from any point in your hemisphere 
for any month of the year! Rheostat control for brightnes 
The system offered here will 32-page book included free of extra cost. Contains valuable ir 
give you greater working dis formation about the stars, provides easy identification of the 
tance under the microscope— constellations 
ie eet hg to E  sowene me About 14” high on a 7” x 7” base. Projection 
actually 2.5mms., {specially 
; : Y | Stock No. 70,040-x 


needed where some operation 
1.4 16mm. MOVIE PROJECTION LENS 


is to be performed. Also pos- 
sible to view specimens at f 
F.L. 0 16mm project 
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ates very well under phase contrast conditions. This j ec \ . 
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potential uses particularly in dissection. With this yy ty } 
attachment image reversal is eliminated. Made with 
standard threads. Height 1-23/32”, diameter 1-5/8”. 
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N.A, 0.574 .. $112.00 Pstpd. i. J ey ; Is peng vit 
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60° SPECTROMETER PRISM IMPORTED MICROSCOPE—100, 200, 300 Power 
Polished surfaces flat to 144 wave-length. Angle tolerances 5 ] Ocular, 3 Objective Lenses, Rack & Pinion Focusing 
minutes. Dimensions of polished surfaces 18mm. x 30mm. Revolving disc-light adjustable mirror. Square stage 2%” x 25 
Made from dense flint glass, free of striae and strain. Ideal Truly a wonderful bargain, TRY IT FOR TEN DAYS if r 
for use with all models of spectrometers pletely satisfied, your money refunded. Comes packed in sturdy 
Stock No, 30,143-X .. Pr rT eee $8.25 Pstpd. wood case. Accessory eyepieces and objective available 
Stock No. 70,008-X ; .eeeeese $14.95 Postpaid 
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Photo Micrography with Pen Microscope ... 9029-X 10¢ INFRA-RED IMACE TUBE 
Dummy Cameras .. ; 9035-X 20¢ Used inside an infra-red telescope, this miniature tube ¢ 
Collimating Systems : : . 90381-X 15¢ to visible rays on tube sereen, which is viewed by an ocular. B 
All About Telephoto Lenses 5 aia . 9036-X 60¢ Cylindrical shape, approximately ” diameter, 1-5/8” long. Re 
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Portable Recorder 


A portable recorder fits into a briefcase, weighs only 
nine pounds, and can record up to four hours of speech 
without interruption on one belt-like record. Business- 
men can dictate letters to the battery-powered device 
while flying or driving, and the records can be mailed, 
indexed, and filed. (Miles Reproducer Co. Inc., Dept. 
SM, 812-814 Broadway, New York 3. 


Incubator 


\ new incubator, designed to afford closer tempera- 
ture control and greater uniformity during low tempera- 
ture incubations, has a range of 5° to 50° C, an accuracy 
of +0.5° C, and forced circulation. (Precision Scientific 
Company, Dept. SM, 3737 W. Cortland St., Chicago 


+7, Il. 


Rust-Stopping Paint 

A new rust-inhibiting paint, available in green, grey, 
venetion red, and stone, is claimed not only to give pro- 
“rust creep” 
where a pain film has been damaged. Blackett 
& James, Ltd., Dept. SM, Hebburn, County Durham, 


tection against rust but also to prevent 


Foster, 
England. 


High Vacuum System 


A high vacuum system that will pump down a 12” 


bell jar to .04 microns in 3 minutes is made possible by 


the high pumping speed of 260 I/sec of the diffusion 


pump and 5 cubic feet per minute of the mechanical 


Joseph 


pump. It produces pressures of 10° or lower. 
B. Merrill, High Vacuum Equipment Corporation, Dept. 


SM, Hingham, Mass. 


X-ray Diffraction Powder Camera 


A new x-ray diffraction, powder camera (Fig. 1) has 
a movable film carrier that allows five 7 mm diffraction 
patterns to be made on the same film, facilitating the 
determination of phase diagrams and registering com- 


parison patterns of different substances at selected tem- 


Month’s Ne ws re le ases 


peratures. Standard 35 mm, x-ray film may 
single exposures. (Central Research Labor: 


Dept. SM, Red Wing, Minn. 


Power Amplifier 


A general purpose laboratory power amplit 
low distortion, low noise, and excellent phasi 
istics throughout the audio frequency range 
Having approximately 15 watts maximum out 
and a choice of four output levels for optin 
ing of various loads, the amplifier is especially 
a test driving source for tachometers, sync} 
motors, choppers, and similar electro-mech 
VICces, 


Main St., Acton, Mass. 


Proximity Generator 


A new, proximity, pick-up impulse genera 
on a principle similar to the military mine det 
may be excited either by magnetic or n 
metals. With suitable auxiliary equipment, 
used to indicate mechanical or electrical count 
or angular position, rate of travel, sequen 
vibration frequency, angular or linear speed 
metal ¢ 


Dept SM 


functions which involve moving 
Electro Products Laboratories, Inc.., 


N. Ravenswood Ave., Chicago 40, III. 


Liquid-Level Indicator System 

A new liquid-level indicator system, using 
pulse ranging technique, has been designed to 
indicate true liquid levels in petroleum, che 
pharmaceutical processing, and storage tan 
0.01 ft. (Bogue Electric Manufacturing Com 


SM, Paterson, N. J. 


Adjustable Glides 
A self-locking, adjustable 


resting on uneven floors, A rolled-on spline 
lows the glide stem to be locked against turn 


glide balances 


a nut, captive to the socket, rotates in the 
extend or retract the glide. (Adjustable ¢ 
Dept. SM, 1411 Walnut St., Philadelphia 


Microscope Attachment 


A new microscope attachment, which fits a 
ard microscope, provides a 12.8 mm _ workin 
and also erects the image viewed. The attachm 
it possible for the microscope to be employed 
ing some surface defects, viewing in crevices al 
tations, and viewing specimens at high temp 
Edmund Scientific Corporation, Dept. SM, B 


3.N. J. 





Technology Instrument Corp., Dept. SM 


Stopcock 
y specially designed for micro operations, 
\ilable in a variety of shapes. They make 
jore compact, reduce dead space, and im- 
rance. Plugs are precision ground and inter- 
Microchemical Specialties Co., Dept. SM, 
rsity Avenue, Berkeley 3, Calif. 


Dust Repellent Paint 


\ new hand-rubbed finish contains a resin which seals 
face so that dust, lint, and dirt specks are not 
| during the drying process. The finish is avail- 


all types of furniture finishing in 13 colors. 
Paints Inc., Dept. SM, 229 E. 42nd St., New 


Floor Patch Material 


Floor patch material is a modified asphalt prepara- 

a bituminous aggregate. Shoveled into dan- 

holes in concrete floors, the material is tamped 

for use in about ten minutes. Normal traffic over 

patch hastens the hardening process. (Warren Re- 

ng and Chemical Co., Dept. SM, 750 Prospect Ave., 
nd, Ohio. 


Magnetic Retriever 
\ magnetie retriever fishes iron and steel tools and 
s out of drains, pools, lakes, and from under cars. 
din a case slightly larger than a cigar, the perma- 
magnet is designed for use around the house and 
ages. Two removable, neoprene “bumpers” keep 
magnet from coming into contact with iron pipe 
ind sticking. (Eriez Manufacturing Co., Dept. 

SM 12th St., Erie, Pa. 


Laboratory Furniture Catalog 


\ 24-page catalog, covering the newest develop- 


ts in equipment 


sink, 


rd, and drawer units; plus laboratory chairs of 


laboratory furniture and_ utility 


ustrates and describes in detail the basi 


s, stools, desks, shelving units, numerous types 


e cabinets, carts, ladders, and many other 
nd time saving items. (Schaar and Company, 


SM, 754 W. Lexington St., Chicago 7, III. 


Speedy Glue 


\ 


glue bonds porous materials and can be used 
porcelain articles or, when applied in a thin 
put a preserving film on maps or pictures. The 
glue will permanently bond the following ma- 

any combination: wood, hardboard, cloth, 
ind paper. (U. S. Plywood Corp., Dept. SM, 
id Bldg., 55 W. 44th St., New York 36. 


Anti-Curl Magnetic Tape 


4 
\ 


rl magnetic tape has been specially designed 
lifetime” 
rding tape also is said to be unbreakable in 


under usual operating conditions. 


normal use. It will not shrink, stretch, or dry out even 
Reeves 


New 


( onditions. 
52nd St., 


under the most abnormal climati 
Soundcraft Corp., Dept. SM, 10. E. 
York Ag i 


Eyeglass Loupe 


Eyeglass loupe attaches to either metal or plasti 


spectacle frames to give toolmakers, inspectors, watch- 
makers, and hobbyists a magnified view of tiny screws 


[he single lens model can be obtained 


and fine detail. 
to magnify 3 x to A double lens provides alternative 
powers of 4 x or 7 Bausch & Lomb Optical Co., Dept. 


SM, 635 St. Paul St., Rochester, N. Y. 


Beaker Grip 
A beaker grip (Fig 


tate the rapid, safe handling of beakers in descending 


especially designed to facili 


type chromatographic apparati containing corrosive 01 
irritating solvents, features a novel remote control, spring 
tension grips, simple adjustment to accommodate 50 
250 mm beakers, and built-in platform which acts, in 
operation, to prevent contamination and spillage. (The 
Nalge Co., Dept. SM, 625 S. Goodman St., Rochestet 


20, N.Y 
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Methods, techniques, 


suggestions lo insure 


MORE EFFECTIVE = 


WILDLIFE MANAGEMENT 


Here are the practical procedures you need to bring 
about an abundant production and orderly harvesting 
of upland game, fur bearers, waterfowl, and fresh- 
water game fish. Concise yet comprehensive, this down- 
to-carth two-volume guide gives the pertinent facts 
concerning the management of farm, forest, wilderness, 
water, and wet lands as it affects the wildlife popula- 
Hon... 
the life histories, ecology, and techniques of manag- 


. relates these facts directly and logically to | 


ing the game that contributes to the value of these | 


areas. 


WILDLIFE MANAGEMENT 
By REUBEN E. TRIPPENSEE 


Professor of Wildlife Management, Department of Forestry 
and Wildlife Management, University of Massachusetts 








American Forestry Series 


Volume I, UPLAND GAME AND 
GENERAL PRINCIPLES 
479 pages, 6x 9, $6.00 


A direct, simple approach to the process of making the 
farm, forest, and wilderness produce sustained crops 
of upland game. 


Volume II, FUR BEARERS, 
WATER FOWL, AND FISH 
572 pages, 6x 9, $7.50 


Concentrates on the management of water and wet 
lands, marshes, swamps, and ocean borders . . . and 
the life histories, ecology, and management of the fur 
bearing animals, waterfowl, and freshwater game fish 
that inhabit these areas. 


CLIP COUPON TODAY -—-——-—-—- 


Please send me on approval the checked book or 
books for 10-day examination. I agree to pay for 
the book, plus a few cents delivery or return it 
within ten days of receipt. (We pay postage on 
orders accompanied by remittance—same return 
privilege ). 


-] Trippensee I [] Trippensee II 
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McGRAW-HILL BOOK COMPANY, Inc. 
330 West 42nd Street, New York 36, N. Y. 








ve New Books Received * 


Pioneer Plant Geography. The 
searches of Sir Joseph Dalton Hooker. Vol. 4 of [os 


A Biological Miscellany, Frans Verdoorn WR 
Turrill. The Hague: Martinus Nijhoff, 19 ; 
pp. + plates. Guilders 19. 

Nuclear Moments. Reprinted in part from Exp, 
Nuclear Physics, Vol. 1., E. Segré, Ed. lan | 
Ramsey. New York: Wiley; London: Chapma 


Hall, 1953. x + 169 pp. Illus. $5.00. 

The Threat of Soviet Imperialism. C. Grove Haines. | 
Baltimore, Md.: Johns Hopkins Press, 1954 
pp. $5.00. 


Who’s Who in British Science, 1953. New York: Brit 
Book Centre, 1954. vii +292 pp. $9.00. 
The Sun. The Solar System, Vol. I. Gerald P. Kui 


Chicago, Ill.: University of Chicago Press, 1953. xiy 
745 pp. Illus. $12.50. 
Causality in Natural Sctence. Victor F. Lenzer 
field, Ill.: Thomas, 1954. vii+121 pp. $3.01 
Psychologie. Grundlagen ergebnisse und _ problem 


pri 


forschung. Georg Anschiitz. Hamburg, 
Richard Meiner, 1953. xv +586 pp. Illus. DM 4: 

Manual of Psychological Medicine. 3rd ed. A. F. Tred. 
gold and R. F. Tredgold. Baltimore, Md.: Wil! 
Wilkins, 1953. xi+ 328 pp. $7.00. 

Catalogue of Meteorites. G. T. Prior and Max H 
London: British (Natural History 
xxvili + 432 pp. 

Main Currents of Scientific Thought. A history 
sciences. S. F. Mason. New York: Abelard-Schur 
1954. viiit+ 520 pp. $5.00. 

The Macmillan Wild Flower Book. Clarence J. Hylan 


Germat 


H 
Museum 


Illus. by Edith Farrington Johnston. New York: M 
millan, 1954. xv +480 pp. Illus. $15.00. 
Justice. An historical and philosophical essay. Gi 


Del Vecchio. H. Campbell, Ed. New York: Pi 
sophical Library, 1953. xxi+ 236 pp. $6.00 
The Aim and Structure of Physical Theory. } 
hem. Trans. by Philip P. Wiener. Princeton, N 
Princeton Univ. Press, 1954. xxii+ 344 pp. $6.0! 
Advances in Electronics, Vol. V. L. Marton, Ed 
York: Academic Press, 420 pp. Illus. $9.5 
Actinomycetes and their Antibiotics. Guide to the class- 


) — % 
lerre UV 


xi 4 


fication and identification. Selman A. Waksman ‘ 
Hubert A. Lechevalier. Baltimore, Md.: Williar 
Wilkins, 1953. vii + 246 pp. $5.00. 


A Catalogue of the American Hesperiidae, Part III. \ 
H. Evans. London: British Museum (Natural Hist 
1953. v+ 246 pp. + plates 

Jody-Mind and Creativity. J. Herbert Blackhurst. \ 
York: Philosophical Library, 19'4. 186 pp. $ 

The Climates of the Continents. 4th ed. W. G. Kend 
New York: Oxford Univ. Press, 1953. 607 pp. | 

Organic Coating Technology, Vol. I. Oils, resi 


ishes, and polymers. Henry Fleming Payne. \ 
York: Wiley; London: Chapman & Hall, 1954. » 
674 pp. Illus. $10.00. 
Probability and Information Theory, with Apt 

to Radar. P. M. Woodward. New York: McG! 
Hill; London: Pergamon Press, 1953. x + 128 pp. 
$4.50. 

} New 


Streptococcal Infections. Symposium held at tl 
York Academy of Medicine, Feb. 25—26, 1953. Mac! 
McCarty, Ed. New York: Columbia Univ. Press, ! 

x + 218 pp. Illus. $5.50. 
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M WALLACE R. BRODE 
Dr. Brode is an Associate Director of the National Bureau of Standards and 1s 
i recognized as an authority on absorption spectra and organic chemistry. Previous 
‘s to coming to the National Bureau of Standards, he was for 20 years professor of 
7m chemistry at the Ohio State Uni ersity. Dr. Brode is editor of the Journal of the 
Optical Society of America, is a member of the board of directors of the Ameri- 
can Chemical Society, and is a member of the board of directors and also of the 
‘ editorial board of the American Association for the Advancement of Science 
| YMAN J. Briccs celebrates his 80th birth- his knowing why the article was desired, but he 
day on the 7th of May, 1954. As a most dis- wished to postpone this to a later date with the 
tinguished American scientist with wide areas very good reason that he was scheduled to present 
w, BP scientific interest, it is quite fitting and proper to a tec hnical paper at the National Academy meeting 
ecognize this event in a scientific journal that en- the latter part of May of this year, upon which 
beavors to cover a wide area of technical knowl- he had to do considerable work. He also pointed 
N Rive and information. out that he had just finished a “popular” article 
pon his retirement from the position of Di- and was fully aware of the effort and writing time 
fector of the National Bureau of Standards in 1945, required to convert highly technical data into a 
titer 49 years of government service, he gave up readable contribution for people in other phases of 
nt Dniy ninistrative responsibilities and has con- science. The popular article referred to was a sec- 
‘ ued active research and writing, as is evidenced tion on “‘Capillarity” for the Encyclopedia Amer- 
Py h iny technical articles since that time. It tcana, which will appear in its 1955 edition. 
Was ht that a general review of these more As another example of Dr. Briggs’ general sci- 
igh! nical studies on negative pressure might ence writing, as well as a source of many references 
| Pro\ 1 interesting and _ useful general-purpose to his own earlier work, the reader should see an 
I arti the Scientific Monthly. Dr. Briggs was article entitled “Early Work of the National Bureau 
54, feeske would prepare such an article, without of Standards,” which was written by Dr. Briggs on 
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the occasion of the celebration of the 50th anni- which they received the Magellan M 
versary of the founding of the National Bureau of | American Philosophical Society in 192 
Standards and was published in the S< ientific Dr. Briggs was appointed Assistant | 
Monthly [73, 166 (1951) |. Research and ‘Testing, under the [D 
Dr. Briggs’ graduate work included a master’s George K. Burgess. On the sudden di 
degree in physics, which he received from the Uni- _ latter in July, 1932, Dr. Briggs was ap, 
versity of Michigan in 1895. In the fall of 1895, he ing Director and later was selected to 
entered Johns Hopkins University to work for his cancy by President Hoover. 
Ph.D. degree under Professor Rowland, where he The appointment nomination of D1 
worked on the newly discovered x-rays of Roentgen. sent to the Senate by President Hoover i: 
In June, 1896, Dr. Briggs joined the staff of the — part of 1932, but with the imminent cha 
Department of Agriculture as a physicist and began newly elected administration of President Roos 
his nearly 50 years of employment in the govern- — the appointment was not acted upon by 
ment service. Actually, Dr. Briggs has been asso- ‘There is a story, which has grown to by 
ciated with government science laboratories for the Bureau, that when President Roos: 
nearly 60 years, because his retirement from ad- asked if he was not going to appoint a “g 
ministration and employment has not impeded his crat” to be Director of the Bureau, he 


research activity. His service with the Bureau of haven’t the slightest idea whether Dr. Briggs js 


Soils of the Department of Agriculture established Republican or a Democrat; all I know is that 
a science of soil physics, to which he was a major _ 1s the best qualified man for the job.” This leg 
contributor, as is to be noted in his publication list 18 supported by the unusual circumstances in whi 
and the paper by Dr. Richards in this issue of the Dr. Briggs was nominated to the Senate by bot 
Scientific Monthly. Dr. Briggs originated and de- Republican and Democratic Presidents and 
veloped a method of classification of soils, known newspaper reporters who attended the news confer 
as moisture equivalent, which was based on the ence at which President Roosevelt made th: 
centrifuging of the sample so as to determine the going statement. 
percentage of water that will be retained by the Dr. Briggs was severely handicapped at t! 
soil when subjected to a force 1000 times that of he became Director of the National Bureau 
gravity. Although his method of moisture equiva- Standards by the national depression of thi 
lent was developed nearly 50 years ago, it still re- 1930’s, which required a reduction in appropi 
mains a standard technique in soil testing. tions by more than 50 percent. That nearly 

In 1906, Dr. Briggs organized the biophysical thirds of the career employees of the Bureau 
laboratory in what is now known as the Bureau of — be preserved as a working organization was ac 
Plant Industry. Here he began his basic studies of | plished through a difficult program of part-time 
the influence of environmental factors on the water employment and leaves without pay which was 
requirements of plants, in collaboration with the tremely difficult to administer and required a gr 
ecologist, Dr. H. i. Shantz. During the next 10 deal of diplomatic treatment. The fruits ol 
years, the names of Briggs and Shantz appeared on served agency of distinction, in spite o! 
many monographs in this field, some of which are depression cuts, were reaped a few years later \ 
given in the list of publications following this ar- with the war in Europe and threat of war i 
ticle. In the course of this work. methods were Country, an organized defense laboratory wa 
developed for determining the wilting coefficient of quired on short notice. By 1940, more tl 
a soil, which has found wide application in estab- before we entered the war, a large amount of class 
lishing the amount of water in a soil that is avail- fied work was in progress at the Bureau. 
able for plant growth. 1942 more than 90 percent of the Bureau 

On the entry of the United States into World gaged directly on the war effort. 
War I (1917), Dr. Briggs was detailed by Execu- The work of Dr. Briggs in many areas ! 
tive order to the Bureau of Standards for special well reviewed in previous articles and 11 
work on a stable zenith instrument for the Navy. nical articles that have been prepared by 
In 1920, he became a member of the Bureau’s staff temporary associates in this number of 
and chief of the Mechanics and Sound Division. tific Monthly. One important phase of his 
Here he was associated with Dr. Paul R. Heyl, received little publicity or recognition. ‘| 
author of one of the recognition articles in this work on the initiation of the atomic energ 
number of the Scientific Monthly, and together of this country. 


they invented the earth inductor compass, for In October, 1939, Dr. Briggs was call: 
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White House by President Roosevelt and was asked 
. head and organize a top-secret project to investi- 
gate the | ossibility of utilizing energy of the atomic 
gion of uranium. The early history of the atomic 
sergy program in this country is still obscure, since 
much of the then “top-secret correspondence” with 
he White House and committee members was by 
erbal communication rather than by written 
yemoranda; and, at the time the development was 
onsidered feasible and the greatly expanded re- 
yonsibilities were transferred from the Bureau to 
‘he Manhattan District, the classification was still so 
hich that such memoranda as may have been writ- 
are all still buried in the files that were trans- 
iorred to Oak Ridge and await eventual declassi- 


‘ 


ncauion 

[he original committee, in addition to Dr. Briggs 
chairman, included Colonel K. F. Adamson and 
Commander G. C. Hoover. 

lo those of us who now live in the atomic age, 
the 
President’s secret committee of 1939 seem quite 


ultimate discoveries and conclusions of 
imple and obvious. Yet we must not forget that 
the prospect was far from certain at that time, and 
expenditures of as much as $6000 for experiments 
by Fermi were then considered an unusual amount. 
\t the start of the projects supported by this com- 
mittee, it was uncertain which isotopes of uranium 
were subject to the fission process when bombarded 
by slow neutrons. The number of neutrons emitted 
n the fission process and the possibility of a chain 
eaction aiso remained to be demonstrated. 

Much of the early work on the methods of puri- 
ication of uranium, establishment of specific prop- 
erties, and separation of the isotopes of uranium 
was done at the National Bureau of Standards with 
he assistance of distinguished “guest” workers. ‘The 
cntical world condition in 1939, more or less, dic- 
the work 
veapons rather than toward peaceful uses, al- 
though much of 


tated the direction of toward atomic 


the atomic warfare information 
is guided the peacetime application. 
Early in 1940, funds of about $100,000 were pro- 


ided through the Naval Research Laboratory 


hese funds made possible the expansion and ac- 


eleration of this program. Methods were studied 
lor the possible separation of uranium isotopes. 
P. H 
Laboratory of the Carnegie Institution of Wash- 
gton, demonstrated in laboratory work at the 
National Bureau of Standards, that such separation 
ble by a thermal diffusion process. ‘This 
eventually reached full-scale operation at 
Ridge diffusion plant. Simultaneous with 


\belson, now Director of the Geophysical 


hak 


vy work at the Bureau, experimental work 


Lyman James Briggs 


was also conducted at Columbia University, under 
J. R. Dunning, on gaseous diffusion through mem- 
branes and work was conducted at the University 


W. Beams, on a centrifugal 


of Virginia, under ]. 
method of separation. Both of these methods were 
also effective in isotope separation, and the gaseous 
diffusion method was also put into full-scale opera- 
tion at Oak Ridge 

In June, 1940, President Roosevelt felt that al- 
take a 
stronger defense position and established the Na- 
NDR¢ un 

Bush The 
became section S-1 of the 

The S-1 


though we were not at war. we should 


tional Defense Research Committee 


der the chairmanship of Vannevatr 


Uranium Commiuittee 


founded NDR(¢ 


was constituted with L ] 


newly Committee then 


Briges, chairman, G. B 
Urey, J. W 


Bre it 


Peeram, vice chairman. H. ¢ Beams 


M. A. 
In the year 
the NDRC, 


S-] Committee 


Gunn, and G 
followed the 


] 
regulal 


Tuve, R 
establishment of 
mmeetings of the Uranium 

held at the National Bu 


reau of Standards, and increasing financial suppor 
i 


that 


we! 


s as well as to thos 


was given to associated project 
i 
National Bureau of Standards 


projects included work at Chicago, ( 


Columbia. Thi 


al the hese critical 


‘alifornia. and 
as well as at 


Princeton portant 





advances in this year, including the synthesis of plu- 
tonium by E. O. Lawrence, and its easy separation 
from uranium by a chemical process provided ad- 
ded impetus to the program. 

In the spring of 1941, Dr. Briggs asked Dr. Bush 
to appoint an independent committee to evaluate 
the progress of the Uranium Committee (S-1), and 
such a committee was requested from the National 
Academy of Sciences. On the strength of this com- 
mittee’s recommendations and from his own ap- 
praisal of the problem, Dr. Briggs recommended to 
the President that the time had come for an “all- 
out” effort. In November, 1941, the project was 
transferred to the newly formed Office of Scientific 
Research and Development (OSRD) as section S-1 
with L. J. Briggs, chairman, G. B. Pegram, vice 
chairman, and J. B. Conant, A. H. Compton, E. O. 
Lawrence, and H. C. Urey, program chiefs, E. V. 
Murphee, chairman of the planning board, S. K. 
Allison, J. W. Beams, G. Breit, E. U. Condon, and 
H. D. Smyth. H. T. Wensel served as technical 
aide to the committee. 

Funds available for the work were greatly ex- 
panded. Under Lawrence, the investigation of the 
large-scale separation of the uranium isotopes by 
electromagnetic processes was accelerated at the 
University of California. Research on the gaseous 
diffusion process of separating the isotopes and on 
the all-important problem of developing suitavl« 
porous membranes that would not corrode and be 
come clogged through the action of uranium he 
fluoride was continued at Columbia Universi, 
under Dunning and Pegram. H. C. Urey had super- 
vision of methods for producing heavy water for 
use as a moderator and other important special as- 
signments. Basic work related to the chain reaction 
and its utilization in the production of plutonium 
at Columbia under E. Fermi and at Chicago under 
S. K. Allison was continued under A. H. Compton’s 
direction at the University of Chicago. It was here 
that the chain reaction was first demonstrated by 
Fermi in a graphite-uranium pile in December, 
1942. 

By May 1943, the program had reached such a 
size that it was decided to transfer the entire pro- 
gram to a separate activity of the government, then 
known as the Manhattan District, which after the 
close of the war became the Atomic Energy Com- 
mission. 

The National Bureau of Standards has, on many 
occasions, served as a proving ground for indication 
of the effectiveness of certain activities that have 


subsequently been removed from the Bureau and 


established as separate agencies of the government 
when their function, success, or size indicated the 


desirability of a separate agency. In addit 
Atomic Energy Commission, the Bureau 

vided staff or laboratory facilities for a miimber » 
important government laboratories prior to the; 
inception or acquisition of facilities in their oy 
names. These include the National Advisor Com 
mittee for Aeronautics, the Naval Research Labo 
tory, the Naval Ordnance Laboratory, ihe Na 
and Army Air Test Centers, and the Army Dj, 
mond Ordnance Fuze Laboratory. 


} 
4 


Following the removal of the operation of the 
Uranium (S-1) Committee from the Bureau an 
OSRD, the Bureau staff was still called upon t 
work actively on the project and more than 60 of 
its scientists were detailed to work on this prograr 
at Los Alamos and Oak Ridge. The Bureau server 
as a central control laboratory to determine t} 
purity of uranium, graphite, and other critical prod 
ucts as well as continuing its experimental work o 
the properties of uranium and the separation of 
isotopes. 

The Uranium Committee was only one of mai 
committees and activities during the war in w! 
Dr. Briggs took an active part. As the Director 
ing these critical years, he was instrumental in t! 
administration and guidance of many other 
projects, such as the nonrotating proximity fu 
guided missile program, the establishment of an ir 
terservice Radio Propagation laboratory, and many 
other activities. 

Dr. Briggs was requested by the Secretar 
Commerce in 1945 to prepare an account of | 
Bureau’s activities in World War II. In his lett 
to Dr. Briggs, Secretary Henry A. Wallace said 
“You owe it to yourself, to the Bureau, to the De- 
partment, and to the country to shake off som 
your customary modesty and let the world kn 
something of what was done.” Dr. Briggs’ accou! 
was released under the title ““NBS War Researc! 
The National Bureau of Standards in World \\ 
II.” It was printed in a limited multilith edit 
issued in 1949, of some 180 pages of text mate! 
The distribution of this report was restricted, ow! 
to a limited supply. In spite of the admonitior 
the Secretary, Dr. Briggs retained his « 
modesty in playing down his own part in the \ 
effort. 

Dr. Briggs was a member of the Nationa! 
sory Committee for Aeronautics from 1935 t 
and was elected vice chairman in 1942. He was 
member of the aerodynamics subcommittee of 
National Advisory Committee for Aeronauti 
23 years, and during the time that he headed 
Bureau’s Mechanics and Sound Division, | 
particular attention to its researches in at! 
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Uranium (S-1) Executive Committee, Septemb« 
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Dr. Hugh L. Drvden, now Director of the 
\ational Advisory Committee for Aeronautics and 
author of a recognition paper in this number 
The Scientific Monthly, he made pioneer meas- 
ments of flow around airfoils at very high speeds 


to and exceeding the speed of sound. The results 


‘this work found application in determining the 


ide form of aircraft propellers. Dr. Briggs has 
ways enjoyed a difficult problem in the design of 
pparatus and was selected to head the instrument 
rk in connection with the two stratosphere bal- 
flights sponsored by the National Geographic 
Society and the Army air service. Typical examples 
the Bureau are his machines for floating metallic 
ligue specimens on a layer of compressed air and 
measuring the forces on an elastic ball when 
briges’ extremely wide contact and work in 
are amply indicated by the imposing list of 
inical publications given in a list following this 
Although this list 18 incomplete, if provides, 
less, a cross section of his scientific activity 

is distinguished work in connection with 
War II, the Medal of 


briggs in 1948 by the President of the United 


Merit was awarded 


\mong his many honors and recognitions 
onorary doctor of science degree from his 
ter, Michigan State, in 1932, doctor of laws 
higan in 1936, doctor of engineering from 
Dakota School of Mines in 1935, doctor 
from George Washineton University in 
tor of sience from Georgetown University 


ind doctor of science from Columbia in 


J. Briggs, E. O. Murphree, and A. H. Compton. 


r, 


1942. Left to right: ‘vy, E. O. Lawrence, 


1939. He was president of the American Physical 
Acad 
emy of Sciences in 1942, and is an honorary mem- 
ber of the Physical Society of England. He has been 
Association for the Ad- 


9 vears, having joined in 


Society in 1938, was elected to the National 


a member ot the American 
vancement of Science tor 
1899. He is a life trustee of the National Geographic 
Society and has served as chairman of the research 
committee of the National Geographi society tor 
the past 17 vears 

By 1896 
hey had two children, Albert, who died in 1901. 
and Isabel Mrs. C. G. Mvers). As “Director 


Emeritus” of the National Bureau of Standards. his 


Briges married Katherine E. Cook in 


now 


advice and counse! are sought by the young and old 
of the Bureau staff on personal and scientific prob 
He has endeared himself to his fellow-associ 
the le ol 


lems 


ates lor many reasons, not ‘ast which is a 


pleasant habit of going out of his way to congratu 


late a deserving young writer or speake! upon a 


eood job well done 
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The Scientific Monthly wishes to express appreciation to the authors of the special 


papers in this issue and to a group of scientists who have made the arrangements for 
recognition of Dr. Lyman J. Briggs. This planning group included E. C. Crittenden, 
chairman, A. V. Astin, Wallace R. Brode, Vannevar Bush, H. L. Dryden, and Gilbert 


Csrosvenor. 
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man J. Briggs and 
Atomic Energy 


VANNEVAR BUSH 


administrator—-has 


1938. He 


Dr. Bush—-electrical eng educator, writer, and 
president of the Carnegie Institution of Washington since 
B.S. and M.S. degrees from Tufts College Eng.D. from Mas 
Institute of Technology and Harvard. From 1932 to 1938, he served as 
Engineering and Vice President of MIT. As wartime director of the 
Scientific Research and Development, Dr. Bush coordinated the wa 
scientists and was closely associated with the atom-bomb project. His in 
been focused on the application of mechanical and 


burden of computation, calculation, and 


ineel 
recelved 
sachusell 


Dean v 
O fice 


and hi 


’ 
work ) 
rf? 
enilve 


interests have, for years, 


electronic means to reduction of the 


repetitive routine on man’s intelligence 


S we view our present situation in the us 
of atomic energy, with stockpiles of atom 


bombs growing rapidly, with hydrogen 
bombs under test, with a ship about to be pro- 
elled by atomic energy, and with wide commercial 

a distinct possibility, it is difficult to recall the 
titude of scientists when they first heard the an- 
uncement 15 years ago that uranium had been 
‘rupted to produce atomic fragments. 

There was no lack of appreciation of what this 
to civilization, no failure to 


after 50 


ent might mean 
vears ol 


the 


fundamental nature, 


rasp 1ts 


] 


idually accumulating knowledge of fine 
ructure of matter. Hitler was trumpeting his de- 
ands in Europe, Munich was past, but it was 
ought in some quarters that war would surely be 
voided, and this country still considered itself re- 
te. Yet there was a prompt and widespread re- 
tion among physicists. The crucial experiment 
was repeated in several laboratories, within 48 
iours of the meeting in which its nature was fully 
‘cussed. During the next months the physical 
ils were flooded with papers, and some of 
litors advised authors to withhold statements 
ind conclusions that tended to exaggerate a spread- 
alarm until there could be confirmation. 
It has sometimes been implied that physicists 
the new possibilities with avidity and en- 
in, with no thought of consequences. Quite 
rary was true. In small groups all over the 
very serious discussions were going on, 
the possibilities and the threat to civi- 


One group worked assiduously to prove 


that no net energy was released and that cumula- 
tive effects leading to prodigious explosions could 
hand. And 


many a scientist who knew of their work devoutly 


not be obtained by the means then at 


wished them success. But the answers came out the 
other way. 

Physicists were extraordinarily united in thei 
views when the possibilities of atomic fission were 
fully recognized. They regretted generally and very 
sincerely that nature presented these possibilities so 
forcibly and soon, for they alone could visualize the 
change in world relationships that must inevitably 
follow. Yet they took the « hallenge as one that was 
inescapable, unless man would abandon his search 
for knowledge—an inconceivable change because 
of the nature of man himself. And, as the matter 
progressed and world war loomed. they felt strongly 
that their country must be in the forefront of prog- 
ress In atomic development for its own survival and 
for the good of the free world. So they plunged 
ahead with an energy and unity of purpose that 
carried through a full development with unmatched 
skill, and on a time schedule that has never been 
approached for a technical accomplishment of enor- 
mous scope, complexity, and difficulty. 

It was a long time before their efforts were fully 
organized; in fact, central organization was un 
necessary and inadvisable in the early stages. Phys 
ics laboratories concentrated on minor phases ol 
the problems, small groups worked night and day, 
the whose scientific Community that could partic} 
pate seethed with excitement. 


There is no need to trace the later development, 





These eleven men were chiefly responsible for 
Majo! Leshe R director of the 
Scientific 
D. Nichols, chief engineer 


General Groves, 


Manhattan District; George 


Lyman J. Briggs, director emeritus, National Bureau of Standards. Standing, left to right: Charles A. 
Conant, president of 
Murphree, vice president of Standard Oil Company 
I. du Pont de Nemours and Company. The picture was taken Feb: 
Compton when he became chancellor of Washington Univers 


James B 
Eugene V. 


president of Monsanto Chemical Company; 
ton, chancellor of Washington University 
ford H. Greenewalt, technical director of E. 
1946, at the testimonial dinner in honor of D1 
tesy St. Louis Post-Dispatch 


when chemists and engineers joined in, when vast 
structures had to be built and operated. The story 
has been told many times. 

is devoted 


Monthly 


and it 


This issue of the Scientific 


to honoring Lyman J. Briggs, is therefore 
well to recall his part in the development of atomic 
enerey. 
In the summer of 1959, President Roosevelt ap- 
pointed Briggs as chairman of the first government 
the 


This body, known as the Advisory 


committee concerned with military value of 


atomic fission. 
Committee on Uranium, reported on November 1, 
1939, that atomic power and an atomic bomb were 
definite possibilities. On February 20, 1940, the 
Navy 
$6000) to 


periment, and during the next few months meet- 


Army and transferred to the committee a 


small fund procure materials for ex- 


ings were held to review and evaluate the progress 
that had been made (especially at Columbia Uni- 
versity the 
uranium. In June, 1940, the Uranium Committee, 


in further study of properties of 
still under the chairmanship of Dr. Briggs, was re- 
constituted as a subcommittee of the newly created 


National Defense Research Committee. Upon its 


the deveiopment of the 
Manhattan 


Research and Development; Enrico Fermi, University of Chicago physicist; Brigadier General Kent 
So} 


atomic bomb. 


District: Vannevar Bush, director of the 
Graduate 


Dh 
Arthur H 


Pegram, dean of Columbia University 


University; 


Harvard 


recommendation, a contract was let to ( 


Seated, left to 
(ft 


( 


University to experiment along the lines ol 


further measurement of the nuclear consta 


volved in the proposed type reaction anc 


periments with amounts of uranium and ¢ 


nt 


equal to about one-fifth to one-quartel Ol 


amount that could be estimated as the n 


for sustaining a chain reaction. The enterprist 


gradually enlarged until July 18, 1941, wh 


parent committee approved for it a 


propriations would probably be necessary 
summer of 1941, the Uranium Committe 
after known as the S-1 Section of NDR(¢ 
larged: and subcommittees were formed or 
separation, theoretical aspects, power prod 
1941, after it | 
making 


and heavy water. Late in 


decided that the possibility for 
bombs was great enough to justify an 


effort directed toward their development, tl 


ium program was set up outside NDRC 


ministered first through an Office of Scient: 
OSRD) S-1 Secti 


Dr. Briggs as chairman and subsequently t 


search and Development 
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»OSRD S-1 Executive Committee, of which Dr. 
the 
corps of Engineers set up the Manhattan District 





eos was a member. In the summer of 1942, 





y carry out on a greatly enlarged scale the pro- 





wement and engineering phases of development. 





There were thousands of men involved in the 





omic energy program in a thousand ways. Lyman 









Monuments to honor a scientist are seldom in 
emselves scientific. Exception to this statement is 
obe found in the Commemorative Sundial erected 
o honor Dr. Lyman J. the 
‘ational Bureau of Standards from 1935 to 1945. 






Briggs. Director of 






‘his sundial was erected by the employees of the 
Em- 






ational Bureau of Standards through then 


blovees Welfare Association and recognizes not only 
srigas’ 


~= 





Dr. Briggs but also, in accordance with Dr. I 






wishes, the two previous Directors of the Bureau, 
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A Commemorative Sundial 


Bi 


calm. facine the appalling future with determina- 


evs carried his post well. Never unduly excited, 


tion, he often served as a balance wheel and a 


staunch support. Scientists everywhere, on this an- 
niversary of his birth, wish him satisfaction in re- 


calling his sturdy efforts in the service of his 


country 



















































































thee of MM); Samuel W. Stratton (Director from 1901 to 

No ; x ‘ : 

Sch, 22) and Dr. George K. Burgess (Director from 

as 3 to 1932) 
lhe sundial is located on the Bureau grounds on 

ary main road as one ascends the hill toward the Fic. 1. Side view of the Briggs’ sundial, showing the 
C ntral quadrangle in a pleasantly landscaped area. three gnomons and the curved analemma plate 

edial plate (see cover) has three gnomons which 

nk t shadows to indicate the time of day (provided _ plate and is in the plan of true meridian. The spot 

that the sun is shining). The upper and lower at noon, standard or apparent meridian time, can 

commons indicate eastern standard time in winter — be observed throughout the year. The analemma of 
| summer months. while the center pointer-like this dial indicates that on two occasions only. 
in nomon indicates solar time. November 12 and September 25, are solar and 

| lhe analemma plate (Figs. 1 and 2) is illumi- standard time noons identical at Washington D.C 

a‘ ted from the diaphragm at the top of the dial The dial was designed by R. Newton Mayall 
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TANDARDS of measurement are the basis of 
exact science, of precise manufacturing oper- 
ations, and of most commercial transactions. 

Their suitability and reliability affect all of us 
more or less directly. Consequently, it may be dis- 
turbing to suggest that some of our standards are 
not fully satisfactory or that there are unresolved 
problems affecting standards. Lest anyone be un- 
duly disturbed, it may be said first of all that cur- 
rent problems arise from the need for more and 
better standards and for strengthening the founda- 
tions of our present systems of measurement, and 
not from any proposals for radical changes in the 
use of those systems. 

Two essential requirements are that standards be 
either permanent or precisely reproducible and that 
they be usable in actual practice. It is almost im- 
possible to make a single type of standard to fulfill 
these two requirements; many steps must intervene, 
for example, the steps between the prototype plati- 
num-iridium meter bar preserved with meticulous 
care in a vault (Fig. 1) and the measuring instru- 
ments that determine whether an engine crank- 
shaft is within allowable limits of size. 

The search for permanent or reproducible stand- 
ards has repeatedly led to the proposal of natural 
objects or phenomena in place of man-made de- 
vices, but this idea has usually come to grief because 
of difficulties in bringing the values represented by 
the natural standards down to practical instruments 
with the necessary precision. The classical example 
of this difficulty arose in the establishment of the 
metric system. 

The mathematician, Laplace, reporting in behalf 
of an international Commission on Weights and 
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Weights and Measures. 


Measures, said that it “had the grand and sublin 
idea of assuring eternally the uniformity so d 
able in weights and measures on a basis which could 
be accepted by all the peoples of the earth and 
which, being invariable, because it would be take: 
from nature, would be suitable for all times and at 
all places.” In pursuance of this ideal, the world 
was given the meter, supposedly one ten-milliont! 
part of a quadrant of the earth, as well as the kilo- 
gram and the liter, both derived from the meter | 
definitions based on the density of water. For pra 
tical purposes, however, the units were represented 
by concrete standards; these were later found : 
to be exact reproductions of the ideal units, but t! 
units that have come down to us in the metric sv 
tem are the practical ones embodied in. speci! 
platinum-iridium bars and cylinders. 

One by-product of the departure from the id 
metric system is a problem that is still unresolved 
There was naturally some error in the early deter- 
mination of the density of water; consequently ' 
kg 


liter, defined as the volume occupied by | 


pure water at the temperature that gives it ma) 
mum density, is 28 parts in a million larger tha 
the cubic decimeter, which it was intended to equ 


So the “cc” of liquid, still so named in some !a 
ratories, is really a milliliter and not a cubic cen 
meter. The difference is just large enough to caus 


some confusion in precise data, but those conce! 
dying 


have not agreed upon any procedure for reme 
this small inconsistency in the metric systen 
A more important question now before the off 


international organization dealing with weights 4! 
itul 


rth ( 


measures is the possibility of returning to a ! 
standard of length by adopting a wavele: 
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primary standard. The plan proposed is 
nee the magnitude of the meter unit but 
define it as a specified number of wavelengths. 
he platinum-iridium meter bars made before 1890 
nd distributed to the International Bureau of 
\eihts and Measures and various national labora- 
oes have had an honorable record. There has 
n no evidence of any measurable change in their 
pnoths in the intervening 65 years, but there have 
n two developments that favor relegating them 

, secondary place as standards. 
In the first place, the use of light waves for pre- 
measurements of length has increased very 
vatly. As long ago as 1907, a wavelength in the 


. vectrum of cadmium (6438.4696 angstrom units 


sf air) was generally accepted as a basic standard 
den ha 


vreau offer measuring other wavelengths, and an immense 
nfmpnount of spectroscopic data has been built up on 
his basis. In 1927, the Seventh General Conference 
1 Weights and Measures adopted the wavelength 
‘this cadmium line as being in effect a supple- 
ntary standard of length, although it was not 
wcepted as a basis for defining the meter. More 
ently, repeated comparisons of this wavelength 
vith meter bars have confirmed very exactly the 
esults of the early measurements. In the meantime, 
use of precise gages to control manufacturing 
perations has greatly increased, and such gages 
are regularly calibrated by means of light waves in- 
ead of by bars with lines ruled on them. 
lhe second change favoring the use of light 
Waves IS an improvement that man has made in 
tiese “natural” standards. Natural light waves are 
tsimple. The atoms in most materials are not all 
that is. 
‘similar structure not separable by ordinary chem- 


al processes but differing in atomic weight because 


aike but include several isotopes atoms 


thar nuclei are different. The isotopes produce 


tural wave Is a mixture of these components. 


waves that differ slightly from one another: the 


pecause of this complexity, their interference fringes 
(rrings, which are used in measurements of length, 
more or less indefinite. This limits both the ac- 
tacy with which any observations of wavelengths 

n be made and the length of material gages that 
be directly measured in a single step by observ- 
nterference fringes. These limitations have 
most eliminated, because ways have been 
to get single isotopes that produce spectral 
ple in structure and, therefore, capable of 
re sharply defined interference fringes 
ement mercury affords the most striking 

4 this development. Its green line, which 
to the light 


familiar characteristic color 


iry lamps, was one ol the first proposed 


by A. A. Michelson for a standard of length, but 
Michelson soon found this line to be so complex 
We now 


know that natural mercury produces suc h complex 


in structure that it was entirely unsuitable 


spectral lines because it is a mixture of seven 1iso- 
topes, ranging from 196 to 204 in mass numbe1 
However, by suitable neutron bombardment, gold 
of mass number 197 can be transmuted into mer- 
cury consisting almost entirely of the isotope num- 
ber 198. Using this mercury in a spectral source 

Fig. 2) one can produce a specrum ideally suited 
for interferometric measurements. 

William F. Meggers of the National Bureau of 
Standards took a leading part in developing this 
great improvement in spectral sources, and he has 
given an authoritative account of it under the title 
“The ultimate standard of length” in the Scientifr 
Monthly of January, 1949. A “standard,” however, 
has to be established by appropriate authority 
or accepted by common consent. The question 
whether this particular return to the principle of 
“natural” basic standards can be brought about 
constitutes one of the current problems in the in- 


ternational field. 


Fic. 1 Interior view of the vault at the National 
Bureau of Standards in which the standards of length and 
mass of the United States are kept. Dr. Lyman J. Briggs, 
it the was Director of the Bureau, 1s shown hold 
ne the leneth, Meter No The 
national standard of Kilogram No 0), 
double bell jars on the center I I 
thre top in the case. Both of these 
an alloy of platinum and iridium. The 
this country by the International Bur 
Measures 


time he 
national standard of 
mass, inder 


second shelf tron 


standards rade 





Almost everybody concerned believes that the 
time has come to adopt a standard of length that 
is improved in some respects. ‘The most conserva- 
tive proposal has been that the time-honored plati- 
num-iridium bars be retained but that the precision 
of the unit length which they represent be im- 
proved by ruling finer and more regular lines to 
replace the relatively coarse and rough original 
ones. The bars have the advantage of tangible 
reality; they satisfy most of the world’s needs for 
measurement, and their significance can be readily 
understood. These arguments, however, are over- 
balanced by the great improvement promised by 
the introduction of single-isotope sources of light. 
In 1948, the Ninth General Conference on Weights 
and Measures, which included representatives of 
33 countries, unanimously agreed that such sources 
offered new possibilities of “finding a very precise 
natural base for the unit of length” and requested 
the 
them “to the end of establishing eventually a new 
definition of the meter based upon the wavelength 


laboratories concerned to continue work on 


of a selected line, emitted under specified condi- 
tions.” 

The resolutions of the General Conference did 
not mention mercury 198 specifically because a 
rival element, an isotope of krypton, was proposed 
by the German National Laboratory, the Physikal- 
ish- Technische Bundesanstalt. The Soviet Institute 
of Meteorology has also presented a candidate, an 
isotope of cadmium. In order to get on with the 
problem, the International Committee on Weights 
and Measures, in 1952, appointed a special Ad- 
visory Committee including members from 11 
countries. This Committee met in September, 1953, 
that the time has come to “en- 
visage favorably” a new definition of the meter 
based upon a wavelength of light; (2) that the 
meter should be defined by wavelengths, in vacuum, 
of a spectral line free from hyperfine structure; 


and agreed: (1) 


(3),that the basis for assigning a value to the wave- 
length chosen should be the accepted wavelength 
of the red cadmium line in air; (4) that the trans- 
fer from values of wavelengths in air to those for 
a vacuum shall be made in accordance with a dis- 
persion formula for normal air adopted in 1952 
by a Joint Committee on Spectroscopy established 
by the International Union of Pure and Applied 
Physics and the International Astronomical Union. 

These recommendations provide a procedure for 
passing from the meter bar to a wavelength stand- 
ard, but the choice of the specific element and 
spectral line that shall be considered the ultimate 
the 
meantime, both meter bars and wavelength stand- 


reference standard remains to be made. In 


280 


ards will continue to be used for the pu 
which each is best fitted, and so long a 
systems are concordant it may not matt; 
which one has the greater authority. 

The status of electrical standards appear 
stabilized, so that present problems are of secondan 
importance, but the history of these standards 4 
fords another illustration of conflict between th 
desire for the ideal and the necessity for practical 
concrete standards. The approximate magnitude 
of the ohm and volt were originally chosen {y 
practical convenience, but by early theoretical and 
experimental work the values of these practicg 
units were adjusted at various times to make they 
multiples of units in the centimeter-gram-second 
system and, thus, directly relate them to mechan 
ical units. In 1908, however, an International Con 
ference on Electrical Units and Standards decided 
that “for the purpose of electrical measuremen 
and as a basis for legislation” a set of “interna 
tional” units based upon specifically described arbi 
trary standards should be adopted and retained 
even when they differed from the theoretical fun 
damental units. The “international” ohm was de 
fined by the resistance of a specified column of 
mercury, and the “international” ampere by thr 
rate at which current deposited silver in a voltam 
eter or coulometer. 

For nearly 40 years, electrical measurements 
were based upon sets of resistance coils and 
standard cells to which values were assigned 
accordance with the 1908 decision. During 
period the interrelationships of measurements 
various fields became more and more importat 
and the use of electrical methods in all fields 
creased, so that the discrepancies between the | 
trical units and the fundamental ones, altho 
small, caused increasing annoyance and confusio! 
A return to “absolute” 
seemed imperative, but more than a decade ot 1 


try 


electrical units, there 


careful experimental work was required to establis 
the magnitudes of these units with satisfactory 
curacy. The Eighth General Conference on Weight’ 
and Measures in 1933 decided that the change ! 
the absolute system should be made, but agree! 


on magnitude of the units was not reached 


1939. The outbreak of war then compelled po 


ponement of the change, and it became eftec! 
only in 1948. 

All of this story has been related in greater | 
B. Silsbee. of 


National Bureau of Standards, on ‘The Establ 
ment and Maintenance of the Electrical 


tail in a publication by Dr. F. 


The point to be emphasized now is the ch 
fundamental principle ; the electrical units 
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William F, Meeggers positions the eyeprece of an opti al train prior to observation of the circular 
198 lamp This electrodeless lan Pp, 1 


fringes of the green hght from a mercury 
Dr. Meggers, 
iry of atomic weight 198. The lamp is excited in 
ts based on the interference 
nillion. The NBS-Meggers Mercury 
ndard of leneth in its own laboratory 


ned from vear to veal by pres isely the Sallie 


rs and standard cells as before, but the values 


ened to these standards depend upon mechan- 


measurements combined with electromagneti 


ory and are subject to future adjustment, 1! 


to keep them concordant with mechan- 


\ watt, or a joule per second, is now the 
it, within the accuracy of our measure- 
hether it be in electricity, in mechanics, 01 
mochemistry. The problem of the present 
maintain such uniformity of units, both 
different fields of science and among coun- 
sis one basic function of national labora- 
rking in conjunction with the Interna- 
reau of Weights and Measures 
ir story might be told regarding units and 
of light. ‘These units, however, cannot bh 


hey 


involve psychophysical effects and must 


lely from physical measurements 


Chief of the National Bureau of Standards Spectroscopy 
a radiofrequency field (left fores 


pattern portrayed in the 
198 lamp enables any research organiz 


inte 


prepared inder the dire 


Laboratory contains about 
round 


background « 1 be made with 


be based ipon the sensitivity of the h Wan 


radiant power In Various parts ol the spectrum 


his sensitivity varies ereatly both with conditions 


of observation and between individuals. Uhe estab 


lishment of standards for measurements on prac- 


tical lamps of various kinds, therefore, requires 


agreement on some scale of sensitivity that h 


«iS 


be more or less arbitrary. In this field, 


international agreement in princ! 


World Wat 


tricity 


reached In) the decade before 


was made effective in 


practical standards amon: 


in course of being attained collaboratior 


tional laboratories and the International 
subiect 


lemperature probably the 


any other 


conversation than 


measurement COTMPILh 





freezing point and the boiling point of water, but 


more exactly defined as the temperatures at which 
ice and water, for the one, and water and steam, 
for the other, are in equilibrium under standard 
atmospheric pressure. For temperatures between 
these two points, as well as outside them, there 
are various ways of assigning numerical values. 
Incidentally, for the most precise measurements, 
it has recently been agreed that water at its triple 
point, the temperature at which ice, liquid water, 
and water vapor can exist together in equilibrium, 
should be used instead of ice and water at normal 
pressure. The triple point is 0.01 of a centigrade, 
or Celsius, degree above the ice point; its use as a 
reference point with this value does not change 
the temperature scale. 

Both of the temperature scales now used in most 
scientific work—that is, the Kelvin, or absolute, 
scale and the international centigrade, or Celsius, 
scale, take the interval between the ice point and 
the steam point as 100 degrees. This leaves the 
absolute temperature of the ice point or that of the 
triple point as a number to be determined by ex- 
perimental measurement. It would be possible, and 
perhaps more logical, to assign a number to some 
single temperature and let all other temperatures 
in the absolute scale be determined by measure- 
ment. In fact, Lord Kelvin 
jointly with Joule proposed this plan exactly 100 


William Thomson 
vears ago. The proposal, revived by W. F. Giau- 
que in 1939, was submitted for consideration by 
the international organization dealing with weights 
and measures, and the Ninth General Conference 
in 1948 approved a resolution that “recognizes the 
principle of an absolute thermodynamic scale _re- 
quiring only one fundamental fixed point, which 
would now be the triple point of pure water, for 
which the absolute will be chosen 
later.” 

The 


Chemistry have supported this proposal with the 


temperature 


International Unions of Physics and of 


qualification that the numerical value for the triple 


point should be chosen so as to make thi 

agree as closely as possible W ith the press } 
or absolute, scale and make the least possib 
in existing tables of thermodynamic data 

cipal hindrance to the immediate acce 
the difference o0 
among those most concerned on whethe) 


new absolute scale is 


point should be 273.16° or one or two 
dredths higher. 

This proposal to change the basis of the absoly 
scale is not intended to affect at all the practi 
International ‘Temperature Scale based 
series of fixed points including the ice and 
and 100 
ditional ones ranging from the boiling point 
182.97°) to the freezing point ot 


points as 0 respectively, and four ad 
oxygen 

1063 
scale might give a value slightly different fron 


). Future measurements based on the new 


degrees for the interval between ice and stea 
points and might also change absolute val 
accepted for other fixed points as well as temper 
tures interpolated between them. In general, how 
ever, it is expected that such changes would 
be greater than the present uncertainty of relation- 
ships between values in the two scales. 

The National Bureau of Standards, of coi 
has to provide standards for measurements of ma 
different kinds besides those mentioned here. Thes 
examples have been chosen because they are fun- 
damental and represent problems now before t! 
international weights and measures organizati 
In each case, also. the progress that has been n 
in recent years has been based at least in part upor 
research or proposals developed in the Natio 
Sureau of Standards during the prewar p 
while Dr. Lyman J. Briggs was Director. ‘Th: 
bers of the staff who carried on the work we! 
inspired by his consistent support and sympathet 
consideration when difficulties arose in the labor 
tory projects or progress seemed too slow in inte! 


national negotiations. The results eventually 


tained are the best testimonial to his leaders! 
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Kelvi: ° 
hanges - : 
71N0 te 
he prin. ( hand — C 
‘ance o} 
Opinio; 
he triy N. ERNEST DORSEY 
ne-h If)- Di Dorse} reCEl? ed Ps Ph D. de Lreée at The Joh nS Hopkin l nivel } i? 
1897 and continued for 4 years thereafter as an instructor. In 1901, he ne 
ib the Division of Soils of the Department of Acriculture, where he worked wit! 
ADSOlut : , ; ; 
Dr. Lyman J Briges. In 1903, he went to the National Bureau of Standards a 
Tactica an assistant phy icist Exce pt for a short period with the Department of Ter 
upon restrial Magnetism the Carnegie Institution of Washington, his associat 
1 stea) elth that Bureau continued until his retirement in 1943. Also, while he wa 
our ad serving as associate editor for physics of the International Critical Tables, he 
. worked for the Bureau on a part-time basis. His work at the National Bureau 
OlNnt of . , 
¢ Standards consisted of precise absolute measurements; the measuring of radiun 
Ol g and of radioactive and x-ray protective materials (during World War I); and 
he ne the preparation of critical compilations and studies. The present paper ts a 
m | brief outline of some of the more important conclusions reached in his last 
experimental work, The Freezing of Supercooled Water, published in 1948 
Stea 
es no : 
mper HEN water devoid of ice is slowly — sity can be greatly supercooled, even when sub- 
7 cooled, it does not. in general, freeze jected to such violent disturbances as are caused 
_ until its temperature has been reduced — by dropping precooled solid particles through them 
Latins elow, often far below, O°C (the temperature at Occasionally, the supercooling reached 20°C 
hich equilibrium exists between ice and air-sat- And it was reported that a stoppered flask hall 
ourst rated water). Water so cooled below O°C is said filled with water cooled to — 19°C can be shaken 
— be supercooled (the basic significance in English violently without causing the water to freeze. Also, 
Pow the prefix super- is “beyond” what might be ex- the dilatation of water had been studied to as low 
i ea ected), and the freezing that occurs solely as a a temperature as — 20°C. 
_— result of such cooling may be called spontaneous Sut all this knowledge seems to have been fon 
i cing. The temperature at which this occurs gotten during the next 30 or 40 years. At least, it 
ial ll be denoted by the symbol tsf, meaning the was largely ignored during the early decades of the 
ars mperature of spontaneous freezing. 20th century; and in its place had sprung up vari- 
is Once ice has been formed in the water, freezing ous ill-founded opinions regarding supercooling 
atetael contact with the ice proceeds rapidly, until the among which may be mentioned the following 
men mperature of the mixture of ice and water rises 
wer }0°C. This freezing, which is actually forced by 1) Supercooling of water below - 6°C is very 
heti presence of ice, should be distinguished from difficult. 
hora the spontaneous freezing of water in the absence of 2) Water cooled more than a few degrees below 
nter- (ep mitial ice O°C is very unstable, readily transforming into ict 
nh Throughout this article, temperatures are ex- without anv obvious reason. 
ressed in degrees centigrade GC). The tempera- ) The ( hange in phase from water to ice arises 


F) that correspond 


ch of certain readings on the centigrade scale 


tures on the Fahrenheit scale 


( re shown below. 

Centigrade 

£2 —20 —17.78 15 10 8 6 t O 10 
Fahrenheit 


7.6 } 0 5 14 17.6 21.2 24.8 32 50 

Each temperature difference of 1°C. is equivalent 
erence of 1.8°F. 

F ore than a century, it has been known that 


iy be supercooled by many degrees. Even 
prior to 1870, it had been reported that globules 
suspended in a liquid of the same den- 










































































by “chance,” perhaps from some peculiarly favor 







able molecular encounter. 





} lo obtain more than a slight supercooling 





small volumes of water must be used 





) The presence of dissolved air is inimical t 






supercooling 
6) Slight mechanical disturbances of any kind 






will cause supercooled water to treeze 






7) Extreme quiescence is necessary for super 
cooling beyond a few degrees 
8 Che time that elapses between the instant 





that the vessel of water is placed in a cold 





bath 


and the instant at which the water freezes is 





early decades of the 20th century 
mined the type of experiments dealin, 
subject. It will be noticed that opinions 
and 7 certainly, and 3, 5, and 9 probab 
with the observations reported 30 or 4( 
fore. Of that conflict, the later observers 
ing. Opinion 8 led many workers to ma 
ous observations of such elapsed times. | 
any serious attention to the actual temp: 
the water at the instant of freezing. They 
cerned solely with the elapsed time. 

Such was the situation in 1936 or 19 
my attention was first called to the proble: 
rough experiments to test the validity of 
1, 2. 6, and 7 showed conclusively that they 
not of universal validity. The results 
mitted to Dr. Lyman J. Briggs, with the sugge: 
that the entire subject should be investigated 
authorized me to pursue it as opportu 
permitted. 

There followed a protrac ted study, culminat 
in a long report, "The Freezing ol Superco 

' vie ' | Water,” published in 1948 in the Tvrar 
baw geen sat caned sealed; (middle) capped; +h American Philosophical Society, to wl 

erence should be made for details of the work 
exceedingly important quantity, being a measure of _ present article is merely a brief outline ot 
the instability of the supercooled water. ture of some of the results obtained. 

9) The initiation of freezing depends upon the During those 12 vears, the observations 
presence in the water of certain rather permanent completely discontinued during five periods 
aggregates of water molecules. ‘The concentration ing in length from 6 months to 2! 9 vears 
of these aggregates vary with the temperature. certain of the sealed specimens, there wer 
These aggregates were often called, and thought missions of nearly 4 vears. 


of, as “ice molecules,” but some people thought 





that they were trihydrol 3(H.O). 7 “ 


10) ‘The trihydrol content of water can be re- 
y oe 
duced by certain procedures, and thereafter a 
= 
= 


period of the order of an hour may be required for -8 


the reestablishment of equilibrium. 
11) Most of the workers in this field held 
opinions that were less explicit than opinion 9, 


BA 
r) 


since they regarded the initiation of freezing as be- 
ing dependent upon unspecified foreign motes o1 
nuclei or “germs,” perhaps solid, suspended in the 


i] 
ny 


water or adhering to the walls of the vessel. Such 


an opinion could be readily enlarged to include 
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9 as a special case, but the upholders of opinion 


1 
a 


11 usually accepted the following restrictive opin- 
ion (12 

12) The nuclei that initiate freezing do so by 
virtue of having either a crvstal structure that is 
very similar to that of ice or some distinctive chem- 
ical property. Freezing begins at the surface of the 








nuclei. The ice adheres to the nucleus and probably ~I8 


Fic. 2. Effect of heating on well-wate1 
= ae ; ahs faucet; C31, direct from pump; C30, hot 
Those opinions dominated the thinking of the represents days =o 


encloses it. 
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Paste 1. Reproducibility. 
7 Conduc- 
) 
Brook dist oe tivity 
walt te! wae water* 
ee Vac \ir sat Air sat 
1937 1937 
\p \pr 12 
Dat ts/ Dati ts/ 
LW2 Mar. 4 6.0 Jan. 19 13.4 
0.3 17.1 6.0 rae 
0.5 -17.4 Mar. 6 6.9** Jan. 28 13.8 
10.1 is.7 6.0 13.6 
() 17.0 Mar. 8 6.0 13.5 
10.6 17.6 6.0 Feb. 24 13.4 
10.6 17.8 Mar. 22 -—95.6 13.0 
0.7 17.2 6.0 13.1 
10.4 17.6 Apr. 23 6.0 Mar. 10 13:2 
15 6.0 l 3.2 
10.8 
(6 
* Conductivity, 0.084 x 10° (ohm cm)* at 23°C 


** By error, temperature of bath too low. 


Apparatus. The specimen of water under study 
was generally contained in a bulb, sealed or capped, 
such as those shown in Fig. 1. Soft glass, Pyrex, 
nd fused quartz were used. The internal volume 
{a bulb, exclusive of its neck, was about 6 ml. In 
seneral, a bulb was half-filled with water. The 
study of the secular variation in the tsf involved the 
ise of 84 specimens of water, each enclosed in a 
valed bulb. All containers were chemically cleaned 
During its cooling and freezing, each bulb was car- 
ied in a lisht wire harness suspended from a glass 
rod. To the bottom of the harness was attached a 

lhe cooling bath was of alcohol contained in an 
insilvered ‘Thermos bottle and stirred by a stream 
1 dry air. The bath was cooled by means of pul- 
erized solid carbon dioxide (Dry Ice suitable 
mall amounts of it being dropped into the bath at 
intervals of a minute. Its temperature was deter- 
uned by means of a mercury thermometer. A pre- 
ry study showed that, under the actual con- 
ditions of the work, the temperature of the wate1 
it the instant of freezing never differed from the 
few 


LY 


reading of the thermometer by more than a 
sol a degree. 

Procedure. The tsf of the specimen was first de- 
termined approximately. The bulb, containing the 
inlrozen water, was suspended in the bath at a 


y adjusted temperature, and the tempera- 


ture was gradually lowered. As tsf was approached, 
the rite of lowering was not greater than a few 
tenths of a deoree per minute. In some cases, the 
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temperature was deliberately held at about half a 
degree above the expected tsf for a half-hour o1 
more before reducing it slowly until freezing oc- 
curred. Under suitable conditions, the observed ts/ 
was unaffected by such delay. 
Waters. The waters studied 
Natural waters, from springs, deep 


were from many 


sources: a) 
wells, streams, stagnant pools, an aquarium, water 
faucet in the laboratory, and so forth; (6b) Ordi- 


nary distilled water: (c) Conductivity water: (d 


Water distilled in vacuum and without ebullition. 
Some specimens were air-free; most were not. 
Reproducibility. Examples of the type of repro- 
ducibility that was frequently obtained are given in 
lable 1, where every freezing observed during the 
period covered for any one bulb has been recorded; 
none has been omitted. The observations in the 
first two columns were, in each case, consecutive 
determinations made during a single day. ‘The ob- 
servations in the last two columns were, in each 


case, distributed over about 50 days. They show 


a) Supercooling below —6°C is not exceedingly 
difficult. Hence, opinion | is not generally valid 
b) There is no indication of instability. Hence, 
opinion 2 is not generally valid. 
c) There is no indication that ¢tsf is in any way 
if it were primarily a 


erratic, as it would be 


“chance” effect. Hence, opinion 3 has no general 
validity. 
d) Volumes o: water as large 


‘ 
\ 
/ 


as 3 ml can be 
C. Hence, opin 


readily supercooled, even to — | 
ion 4+ is not generally valid. 


‘| ABLE Prolongt d chilling 
Conduc- lap, Via 
tivity heated* Distilled dist.** 
Water \ir sat Air sat \ir sat Exh 
Sealed 12.10.56 5.10.37 11.5.37 3.10.37 
1938 tsf 
Jan. 19 15.1 12.8 10.9 lo... 
15 13.0 10.3 15.6 
Jan. 23 Placed in refrigerator 
Dec 4 15 ) 13.6 11.9 16.2 
15.6 13.3 12.4 15.0*** 


After the bulb was 
times ts} 


* Water from the cold-water faucet 
charged, sealed, and had been frozen several 
about —7°C it was placed in a beaker of water, which 
was then boiled for some time. This brought the tsf down 


to ~—13°C, near which temperature it remained after 
several additional boilings. 

** Vacuum distilled directly into the bulb, which was 
then sealed off from the exhausted system 

*** Just preceding this, there were two very quick 


freezings, the successive temperatures preceding each be 
—15.2, —14.5, -—14 froze 
13.6 ¢ 


ing, respectively, as follows: 


at -14.9 C 


and —14.2 13 froze at 







by Table 2 were kept continuously in a 
in the refrigerator from January, 23, to 

2. 1938 (311 days), during which tim 

not freeze. Then they were removed 

and placed at once in an alcohol bath 

From the alcohol bath, they were transfe1 

to the freezing bath, preadjusted for eacl 

9°C, and frozen in the usual mann 
specimen froze spontaneously at essential 
same temperature as it did in the preceding 
ary. 

It is obvious that the prolonged chilli: 
significant effect upon the tsf of any of th 
mens. Hence, the time that elapses betweer 
instant a specimen is placed in a cold bath and thy 
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instant it freezes is a matter of little importance 
the supercooled water is not inherently unstab) 


" 
46 





: Therefore, opinion 8 is not generally valid 
¢~ Preheatinge. It has long been known that pre. 











Fic. 3. C8 and C9, distilled; P30, distilled and boiled Pi2 


P33, redistilled after boiling for 15 hr; C27, stagnant 
pool; C33 and C34, hot-water faucet, water was not hot: 


C48, cold faucet 


e) There is no indication that the presence of 
air is at all inimical to supercooling. Hence, opin- 
ion 5 is not generally valid. 

Mechanical disturbance. In general, a_ bulb 
cooled to within, say, half a degree of the speci- 
men’s tsf can be quickly removed from the bath, 
grasped by its neck in a precooled wooden clothes- 
pin, and shaken violently without causing the water 
to freeze. Hence, opinions 6 and 7 are not generally 
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valid. 

Prolonged chilling. Several of the sealed bulbs 
were kept for prolonged periods in the ice-cube 
compartment of an electric refrigerator, at temper- 
atures ranging from about — 8 to — 10°C, without 
the water freezing. In particular, the four covered 














Fic. 5. C15, melted snow; P12, vacuum distilled 
direct from still; P18, residue from a distillation 


thy aT heating a melt to a temperature well above its no. 
HoH ' . ° . ege . } 
mal melting point may facilitate its supercoonne 


ci7 
This, perhaps, gave rise to opinion 9. Bulbs, ¢ 


taining water for which the tsf had been well dete! 
mined, were suspended in a beaker of water, whi 
was then boiled for intervals varying from 90 mu 
to several hours. After cooling, each tsf was aga 
determined. Some specimens were _ repeated! 
heated; for each, its tsf was determined betore an 


“” 
43 
~% 
s 
\s 
‘ ? after each heating. 
ut In many cases, especially those in which t 


heated water could be supercooled by only 
degrees, the heating produced a very mar! 


a 
' 
‘ 
‘ 


.! 
“alse 434 + 
a7 
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Fic. 4. ©€17, C19, P22. distilled; P14, vacuum distilled 
H means heated to 100°C. 


286 THE SCIENTIFIC MONTHLY 















possible supercooling. And in most 







ie h east 

Cons aves, the increase was unchanged by repeated 

lev dulliifreezings and meltings. 

ls (the increase had been caused by the destruc- 
R% ) of certain rather permanent groupings of 

1 siz water molecules, or of parts of such molecules, 





would expect that those same groupings 
ome reestablished after the water had 
frozen and then brought to room tem- 
and repeated freezings, interspersed with 
hours or days at room temperature 






) rlods 


iid result in a reestablishment of the initial state 








ad 

Spe I the waler. 

nt] But such is not the case. The effect of the heat- 
\d thelng is permanent, lasting for weeks, even for 
ance-months. Hence, one is forced to conclude that 
table opinion 9 is certainly not of general validity. And 





an scarcely avoid the conclusion that. if the 





nee 
Tit 


nol freezing, then its concentration in water at 


Cs 


of trihydrol is of significance in the initia- 






given temperature remains essentially constant, 






nd opinion 10 is without substance. 
in Fis, 2. 


preheating is compared with the slow secu- 





Slow drift versus preheating. the ef- 





ct of 





r drift of similar unheated specimens. All three 





yecimens came from the same 60-ft well and were 





prepared at the same time. The water in C29 was 





lrawn through the cold-water service faucet: the 
iter in C31 was taken directly from the pump; 
from the hot- 







nd the water in C30 was drawn 
iter faucet and had probably been heated for 
irs at about 100°C. Each bulb was sealed as 
won as it was charged. The observed values of tsf 
represented by dots distributed from left to 
ht in chronological order but not uniformly. If 
nsecutive values were separated by less than a 










onth, the spacing is the same irrespective of the 





and the dots are connected by 





tual elapsed time, 





















vail rage 
f ci 
5 ? 
wl¢é 
' m ‘ | 
' 
' ? ' 
yy ad é es | 
‘ ‘ ? ‘ 
, 43 ‘ 
“14 ' U 
- : ' / 4 
I < y ' ut. ' 
§ ' 16, NY Vex? Sore aad 4 
I- 2 x 7 ‘ WM b Ve wf | 
6 _Yy 
ere eee mw owe ee we wew wm eww ee ew eee = morocco coccn = 
t fa ' 1 ? 
‘ / : P2 ; 
‘ 23\ 427 . 
‘ oS ' 
ad , “\ 
4 ‘ ? | 
' ’ . ' > | 
‘ “ yd 
( ‘ 
‘ ‘ 
| Iv 
on a2/* 
om ane 

















conductivity water direct 
2a Gi 
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Fic. 7 Unfrozen drop in neck of bulb. The photo- 
graph was taken while the bulb was still in the cold al- 


cohol. 


continuous lines. But if the interval was at least a 
month, the separation is greater and is the sam 
whatever the time, and the dots are connected by 
dashed lines, adjacent to each of which is a numeral 
indicating the elapsed time in months, rounded ofl 
to the nearest month. This applies to all such dia- 
grams in this paper. 
Vhe first tsf of C30 
when it was 67 months 
9.5 


as that of C29 
old: and at the 


Was as low 
4.6 vears 
end of 114 months vears) each had essentially 
the same tsf. The heating had produced quickly 
the same change that required 5.6 years at room 
temperature. The drift of C31 does not differ sig- 
nificantly from that of C29 

The entire picture suggests a slow solution of thi 
as a prime factor 


motes——a decrease in their size 


in the drift. Any specific effect seems to be sub- 


sidiary to that of size. Hence, opinion 12 seems to 
be too restrictive. 


these observations | it 


From all experimental 
seems that, of the opinions commonly held in the 
third and fourth decades of the present century, 
and widely held today, all except 9 and 11 are de- 
void of the that characterize 


opinions upon which theories and experiments rest. 


generality should 


But this is not the entire story, as is evident from 


an Inspection of Figs. 3, 4, 5, and 6. The secular 


behavior of the tsf of sealed specimens ol wate 


may differ greatly from specimen to specimen: and 
the fsf of a single specimen may exhibit rapid and 


wide Huctuations, and even after it seems to have 


fixed low value. it may later exhibit a 






read he d al 








Preat resurgence 


1948 


\s was pointed out in the original re port 








all these variations may be qualitatively accounted 





for on the assumption that freezing is initiated by 


molecules from an adsorbed layer, so that they are 
left with such small relative motions and so free 


rearrange themselves into the fashion of ice. Call it 


if such an ice nucleus, appearing suddenly in su- 
percooled water, is to persist, it must have a cer- 
tain minimum size, varying with the temperature. 
Elementary mechanical considerations make it plain 
that the securing of these conditions depends upon 
the convexity of the adsorbing surface. If the ad- 
sorbing surface is flat, these conditions cannot be 
met. As the convexity steadily increases, presently 
a very minute nucleus can be formed. As the con- 








the loosening, usually by molecular impacts, of the initial nucleus decreases. Such is 


that, within an interval of time comparable to the gether in a rational scheme the variou 
interval between molecular encounters, they can tions with which I am acquainted, an 


an “ice nucleus.” As J. Willard Gibbs has shown, come to my attention. 


vexity continues to increase, so does the size of the the water line without causing the water 
initial nucleus, presently reaching a maximum, de- bulb to freeze. 


SPW 


lo foster research of immediate practical value at the cost of exploratory research 
has consequences not unlike the squandering of natural resources. Both impair th 
welfare of future generations. We who have benefited so richly from the discoveries 
of our predecessors have an obligation to our successors. As scientists we can fulfill 
that obligation by pushing forward our explorations on the frontiers of knowledge, for 
the achievement of material objectives, as did Pasteur, or merely in the quest for 
knowledge, as did Faraday. 

loo great emphasis on research that is of present value has a harmful influence on 
the education of scientists. It encourages training for immediate useful service at the 
expense of education which is a foundation for continued intellectual growth and ul 
timate competence to solve unanticipated problems of the future. It fosters unduc 
specialization. 

If those who support science think the goal of science to be quick answers to prac 
tical questions, scientists will be trained for limited objectives. As society accepts the 
responsibility for supporting more scientists, more men and women will be recruited 
who are content to fit themselves for a small sphere of scientific action. There is useful 
work for them to do, and organized research will undoubtedly increase their usefulness 
But if the quality of scientific training is determined by the needs of those who ar 
content to be mere technicians, those who would be more will suffer. Detlev W 
Bronk, “The Role of Scientists in the Furtherance of Science,” Science 119, 225 (Feb 
19, 1954 
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pending upon the nature of the substr: 
adsorbed layer. Beyond that convexity, 





proposed. It is not claimed to be correct 
ity remains to be established. But it d 


better than any other explanation that 


Before closing, a phenomenon that ha 





peatedly observed, and is shown in Fig 

be mentioned. Although the water in th 
frozen, there is in the neck a drop of 
water. This seems to show that, by mere drainage 
the adsorbed layer on the walls may be so reduc: 
in thickness that it cannot transmit the process 0; 
freezing. The converse has also been observed 

ice crystal may form and grow on the wall 


















































upersonic Travel within the 
ast Two Hundred Years 


sho ild 


bulb 


ties from laboratory assistant to associate director. At the 


irozey 
unagy 
‘duced 
SS OF 


qd: ay 
, now Director. 


INCE October 14, 1947, when Charles E. 
Yeager, then a captain in the U.S. Air Force. 
flew the Bell X-1 research airplane faster 
han sound, the word supersonic has become a fa- 
liar part of our everyday speech. In the adver- 
‘ing literature, it is synonymous with the most 
dern and the most desirable. Yet the word is 
ot new, and the supersonic travel of objects is 
sold as the meteorites. Terrestrial objects travel- 
ng as fast as sound have been known for at least 
himself had 
erced the “sound barrier” to travel supersonically, 
that the word acquired new significance and wide 


Isaoe 


It was only when 


man 


Scientists have long been familiar with the word. 


there was a_ brief struggle between those who 


to describe the fre- 


iencies of sound waves too high to be heard by 
the } 


ished to apply supersonic 


iuman ear and those who wished to use the 
vord in speaking of speeds of moving objects 
than sound. Acoustics vielded to 
icronautics by adopting the term ultrasonic. Aero- 


+ 


nautics adopted 


traveling faster 


subsonic, transonic, supersonic, 

hypersonic to denote speeds below. passing 

gh, above, and very much above the speed 
vund 

lhe first observation of the supersonic travel of 

terrestrial object is lost in the history of the ap- 

plications of gunpowder in warfare. According to 

Hall (7), the French philosopher, P. M. 

Mersenne (2), in the year 1644, showed that the 

velocity of a musket ball must be of the same ordet 

velocity of sound. His demonstration is an 

nt example of what ingenious men of long 


ild do with the simplest equipment or even 
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The author spent 29 years at the National Bureau of Standards in 


ciated with Lyman J. Briggs in the early experimental studies 


HUGH L. DRYDEN 


various 


capaci 


Bureau, he was asso 


of flow about air 


S 


plane wings at speeds near and above the speed of sound. Dr. Dryden’s studies on 
the basic aspects of fluid motion near solid boundaries 
tunnels brought him the Wright Brothers 
nautical Sciences in 1938 and its Sylvanus Albert Reed Award in 1940. He 1s 
National 


and of turbulence in wind 
Lectureship of the Institute of Aero 
Advisor) 


Committee for Aeronautics, the government §s 


principal aeronautical research agency 


none at all. Mersenne observed that the impact 
of a musket ball against a wall is heard by a person 
stationed on the far side at the same instant as the 
that 
the velocity of sound was about 1920 ft/sec and 


report ol the gun. He thought incorrectly 


estimated the speed of larger missiles at 600 to 900 


ft/sec 


The unusual rise in the resistance to motion of 


an object at speeds near the speed of sound, de- 


scribed in recent years as the sonic barrier, was 
noted more than 200 years ago by Benjamin Robins 
3). Robins in 1742 invented and experimented 
with the ballistic pendulum (3). Bullets were fired 
to strike an iron pendulum faced with wood to 
catch and retain the bullet. The deflection of the 
pendulum was measured by a narrow measuring 
tape passing through two steel edges pressed lightly 


together. In Robins’ own words: 


This fitted, if 


pendulum be known, and likewise the respective 


instrument thus the weight of the 
distances of its center of gravity, and of its center 


of oscillation, from its axis of suspension, it will 
thence be known, what motion will be communi 
cated to this pendulum by the percussion of a body 
of a known weight moving with a known degree of 
celerity, and striking it in a given point.... Ina 
bullet moving with a velocity of 1700 feet in one 
second, the error in the estimation of it need never 


amount to its five hundredth part. 


By repeated firings with the same powder charge 
at different distances between gun and pendulum, 


the air resistance was determined. 


lo continue in Robins’ words: 


By comparing together a great number of exper! 


ments, I am of opinion, that till a more accurate 


89 





theory of these changes is completed, the two fol- 
lowing positions may be assumed without any re 
markable error. First, that till the velocity of the 
projectile surpasses that of 1100 feet in a second, 
the resistance may be esteemed to be in the duphi 
cate proportion of the velocity; and its mean quan 
tity may be taken to be nearly the same with that 
I have assigned in the former paper Second, that if 
the velocity be greater than that of 1100 or 1200 
feet in a second, then the absolute quantity of that 
resistance in these greater velocities will be neat 
three times as great as it should be by a comparison 


with the smaller velocities. 


In a footnote, Robins gives his ideas concerning 


the explanation of this phenomenon: 


\s [ have forbore to mix any hypothesis with 
the plain matters of fact deduced from experiment, 
I did not therefore animadvert on this remarkable 
circumstance, that the velocity at which the mov- 
ing body shifts its resistance is nearly the same with 
which sound is propagated through the air. Indeed 
if the treble resistance in the greater velocities is 
owing to a vacuum being left behind the resisted 
body, it is not unreasonable to Suppose that the 
celerity of sound is the very least degree of celerity, 
with which a projectile can form this vacuum, and 
can in some sort avoid the pressure of the atmos- 


phere on its hinder parts. 


Dr. Lyman J. Briggs (left) and Dr. Hugh L. Dryden 
right) are shown at the National Bureau of Standards in 
1928. They are using a free-air jet to measure lift and 
drag of propeller sections at speeds up to supersonic veloc- 
ity. [Courtesy Underwood 


The practical developments of ballis 
constantly increasing weights of missilk 
at supersonic speed. The rifling of guns 
abled the stabilization of the motion 
pointed projectiles, was an important 
next Important step in scientific understa: 


led ty 


I iveling 


ich en. 


long. 


p The 


NY was 


duc to the great physicist, Ernst Mach, profes 


at the University of Prague, 1867-1895. a; 
University of Vienna from 1896 until 
ment in 1901. In 1887, Mach presente¢ 
4) that contained the first photographs 
shock waves at the nose of a projectil 
Thus was begun the study of the wave 
of bodies at supersonic speed which is 1 
sponsible for the rise in air resistance at 
speeds. 


Mach was also responsible for a second 


d 


at th 
retire- 
pape 


ol th 


in the study of supersonic travel in the laborat 


The first supersonic wind tunnel that | 


more accurately supersonic jet, the predec 


supersonic wind tunnels, was the one tha 
Mach inspired his son, Ludwig Mach, 


associate, P. Salcher, to construct in ordet 


some experiments to see whether shock waves c 


also be observed on a bullet held at rest in 
speed stream. Quoting in free translation 
paper by E. Mach and P. Salcher (3 


On the occasion of the experiments on pi 
Salcher hit upon the idea of likewise investi 
the converse case of the flow of air against 
at rest in order to confirm the results alr 
tained. The possibility of conducting such 


ments arose through the friendly cooperat 


Messrs. John Whitehead who placed at our dis 


for the experiments 


space and equipment 
torpedo factory at Fiume. .. . Since it was 
that the experimental results obtained by 5 


were related to the experiments previous! 


ducted by Mach and since further all the desu 


experimental set-ups could not be made in t 

tory at Fiume, we joined our efforts and | 

carried out with the cooperation of medical st 

L. Mach, to whom all the technical work 

series of experiments in Prague. 

These first supersonic jets used for s 
measurements were very tiny. One was 
mm (0.079 in.) square in cross section, Th 
others, interchangeable with the square jet 


cular cross section 1.2 to 5.2 mm (0.052 t 


| t 


M 


} 


lent 
id 


in.) in diameter, and one of rectangular cross 


tion of 1 by 10 mm (0.039 by 0.394 in. 


supply was a pressurized tank, actually a 


flask, in which the pressure was 60 o1 70) 


pheres (atm) after 10 min pumping. It wi 


sible to get supersonic flow for about 3 to 
High speeds are now commonly meas' 
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roLessoy 
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retire- 
{ paper 
Of th 
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TSO} 


dvanc 
ratory 


OW, OF 


in California, 


supersonic wind tunnels, such as this research tool at the NACA’s Ames Aeronautical Laboratory 


design of high-performance aircraft. Observations art 


ntensively to provide information needed for the 
Courtesv National Advisory ( 


the large portholes on each side of the test section 


the Mach number, the name given to the restion of French physici 
the speed of a missile or airplane to thi sonic. tra till confined to 
sound, This usage was suggested by Acke Langevin wished to test a new type o 


929 (6), “since the well-known physicist E. enard and Saint 


The task Was assigned to Hugu 
learly recognized the fundamental signifi- Legue who decided to look for some existing con 
of this ratio in our field and confirmed it by — pressed air plant (9 They found two large con 
experimental methods.” Though there have — pressed-air stations in the world at that ume 
ther suggestions, this usage became almost 1917 one of 100.000 hp at the Rand mines in 
following the Volta Congress on High South Africa: the other of 12,000 hp in Paris, sup- 


real 
n Aviation in Rome in 1935 

Mach later with Zehnder (7) developed thi 

/ehnder interferometer for studying air flows 

speeds. Mach died in 1916. A photograph 

ind a tribute by A. Einstein were published 

; of about 7 n Pheir nozzle had an 


Physikalische Ze itscrift (8). I ‘ ity 
15 in throat and was 120 mm (4 


diameter at the exit \ Mach number of 1.35 


{ separation in the diffuser 


atm pressure 
I 


lhe Paris installation 


for a pneumatic system [01 


from one post office inotl in 


lo this system scientists connected a tal 


) 


ern supersonic wind tunnels are dependent 


De Laval nozzle used by De Laval in 1884 
‘Zle has a converging section to the throat expected but, because o 


1.07 was obtained. The nozzl 


a Mach number ol 


by a diverging section permitting expan only was then rebuilt 


sonic speed at the throat to supersonic 
t the exit. The first wind tunnel that I knew 


with 6 diffuser angel and 
Was obtained 
Ue Laval nozzle was the one that was de- [hese experimenters proposed to build a super 


n France during World War I at the sug- sonic labor 


itorv, but plans were abandoned after 





This first picture of the F-100 Super Sabre shows the 45-degree sweep of the wing and tail. 
J-57-7 turbojet engine with afterburner and has a service ceiling above 
\merican 


by a Pratt & Whitney 


than 500 mi. [Courtesy North 


bat radius of more 


the Armistice. The plans included preheating the 
air to counterbalance the cooling due to expansion 
through the nozzle, a feature of the most modern 
supersonic wind tunnels. Huguenard had remark- 


able vision in foreseeing the role of supersonic wind 


tunnels in high-speed flight of airplanes, as is 


shown by the following remarks: 


\lone all the methods of 


aviation has shown, from its very beginning, an ex- 


among transportation, 


traordinarily rapid increase in speed. From about 
19 ft/sec in the first flights, we have progressed in 
21 years to more than 394 ft/sec, the speed doubling 
regularly every five or six years. This is certainly 
not accidental. At each new performance, pessim- 
istic calculators, accepting with more or less grace 
the results already obtained and arming themselves 
with formulas borrowed from other modes of loco- 
motion, have somewhat advanced the limit they 
had previously set to the speed of aircraft, where- 
upon this new limit has been promptly exceeded 
Since there is no indication of any change in the 
speed curve (aside from technical considerations, 
which have thus far amounted to nothing) we 
logically expect aircraft to attain speeds of the order 
of 787 ft/sec The high- 


velocity wind tunnel will doubtless be an important 


must 


within five or six years 
factor in solving the problem as to what new means 


of propulsion will be required 


Huguenard’s geometric progression was too opti- 


mistic, but we see in his remarks a change in in- 


terest from missiles to aircraft. As a matter of fact. 
occurrence of supersonic 


the first aeronautical 


speed arose from the approach of the tips of air- 


199 


The plane 


50.000 ft ar 


plane propellers to sonic speed. This problen 
to the earliest measurements of the charact: 
of wing sections at high speeds, the wing sections 
corresponding to sections of the propeller blad 
Caldwell and Fales (/0) 
Mach numbers up to 0.5 in a 200-hp, 1-ft wind 


tunnel at McCook Field, Dayton, Ohio, in 192! 
hy 


made measurements at 


Sonic and supersonic measurements were made 
Lyman ‘, Briggs and his associates during th 
period 1925 to 1930 (17), 
to 12 in. in diameter. The first experiments we! 
conducted at Lynn Works of the General Electr 
Company. A 3-stage centrifugal compressor of 5() 
hp discharging 50,000 ft*/min at 1 atm gage pres 


sure was utilized for the measurements during ac- 


using open jets from 2 


ceptance tests of the compressor. Measurements | 
lift, drag, and center of mad 
wing sections of 3-in. chord in a 
at speeds up to a Mach number of 0.95. Oil | 
on the steel airfoils to prevent rusting moved | 
the influence of the stream in a pattern 


separation of the flow at high speeds, even at sma 


pressure were 
12-in. ope 


1 
snowln?’ 


angles of attack. 

The experiments were continued at Edgewo 
Arsenal with a compressor plant that had been ust 
during World War I to fill gas shells. This 
included four double-acting reciprocating con 
sors delivering 1800 ft*/min at gage press 
to 125 lb/in.* Two-inch nozzles of the D: 
type were used for supersonic speeds up to 
number of 1.08. The same nozzles were late 
with another compressor at the National B 
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kiandards. [hese pioneer measurements established 
| decrease in lift, increase in drag, back- 
of the center of pressure, and movement 
le of zero lift that are experienced as an 
jirplane wing approaches sonic speed. The bene- 
écial effect of reduced thickness at such speeds was 
also obset ved. 

In 1928, Busemann described (/2) the equip- 
ment at GOttingen, Germany, used by Ackeret and 
himself under the direction of the founder of mod- 
em aerodynamics, L. Prandtl. This was an inter- 
mittent-flow wind tunnel, 6 by 6 cm (2.37 by 2.37 
_of 10-sec duration with a subsonic nozzle. It 


\as noted that supersonic speed could be obtained 


» a De Laval nozzle. In the absence of German 
measurements on airfoils, Busemann_ refers to 


Briggs’ earlier measurements as follows: 


Of our own measurements there are only avail 
ible sufficient that we can determine the general 
peration of our apparatus. In order to show what 
kind of results are to be expected, therefore, some 


will be given from the American litera- 


ETIStics 
aI tlons 
blade 
Nts at 
wind 
199() 


ide by 


in V-2 rocket is being readied for experimental 
White Sands Proving Grounds, New Mexico, 
1946. ‘The warhead in the nose (roughly the 
tion at the top), has been filled with instru 

ind the remainder of the rocket contains the 
h makes up five-sevenths of the rocket’s weight 
burns for approximately 72 sec, giving the rocket 
of about 3500 mi/hr. [Courtesy U.S. Air Force 


Lieutenant Colonel F. K. Everest piloted the F-100 to a 
new world’s speed record of 755.149 mph over a 15-km 
course at Salton Sea in California. He hit 767 mi/hr on 
one scorching pass. [Courtesy North American 

In the preceding year, Ackeret had returned to 
Zurich, where he designed and had constructed 
by Brown-Boveri the world’s first modern super- 
sonic wind tunnel. This was a continuous-flow re- 
turn-circuit wind tunnel with De Laval nozzle giv- 
ing a Mach number of 2 in a working section ol 
41) by 40 cm (15.7 by 15.7 in The flow was main- 
tained by a 1000-hp, 15-stage axial-flow compressor 
of 2.4 compression ratio. This wind tunnel was 
first described in a publication in 1935 (13 

From September 10 to October 6, 1935. the 
Volta Congress on High Speeds in Aviation was 
held in Rome under the sponsorship of the Italian 
government. lhe Guidonia Laboratory was then 
under construction, including a supersonic wind 
tunnel similar to that of Ackeret and also built by 
Brown-Boveri. However, the power was increased 
to S000 hp, and the Mach number to 2.7. Leading 
workers of all countries attended the Volta Con 
gress and reviewed the state of knowledge. ‘This 
Congress marked the beginning in all large nations 
of a more vigorous interest in, and development of, 
supersonic wind tunnels, which is too long to be 
reviewed in full here. Germany took the lead and 
by the end of the war, had under construction at 
Kochel a 76,000 hp supersoni wind tunnel, | by 
i (3.3 by 3.5 ft), for Mach numbers trom LO 
\ tunnel of nearly this cross section for Mach num 
hers up to 1.82 went into operation in L945 


intermittent wind tunnel, 40 by 40 em (15.7 by 





Captain Charles E. Yeager standing beside Bell X-1 following the first powered take-off of the supersoni 
Captain Yeager was promoted to Major in 1952. [Courtesy U.S. Air Force 

15.7 in.), with speeds up to a Mach number of 4.4, | 24-in. wind tunnel driven from the 20-atn 
had been in operation at Peenemiinde since 1941 sure tank of the variable-density wind tunnel 
and had been used to develop the V-2 rocket that the Langley Laboratory of NACA. No addit 
was first fired against London in September, supersonic facilities were built in the United Stat 


1944 (14). until the early 1940's after World War II be 


In the study of supersonic travel of man-made Th. von Karman proposed the construction o! 
objects, the V-2 rocket is the next advance beyond — supersonic wind tunnel to the Ordnance Dep 
the artillery shell. Projectiles fired from guns weigh ment of the Army in 1939. On April 9, 1940 
from a few pounds to more than | ton and travel Ordnance Department requested the Natio 
at speeds up to a tittle above twice the speed of Academy of Sciences to appoint a committer 
sound. The German long-range gun fired a 265-lb make recommendations. ‘The committee consist! 
shell about 75 mi, the muzzle velocity being about of W. F. Durand, Gano Dunn, H. L. Drvd 
t times the speed of sound. The V-2 with an initial F. Moulton was appointed on June 24, 19 
weight of about 14 tons burns 20,000 Ib of fuel to reported favorably on July 20, recommet 


leave the remaining 8000 Ib of structure and ex- design study and construction of a model 


plosive traveling at about the same speed (5000 California Institute of ‘Technology. Th 
a 


ft/sec) as the projectile of the long-range gun. constructed had a working secuon of 
However, by a more favorable choice of trajectory with 200 hp was intended to reach Mach 1 
and larger energy input, the range of the V-2 was of 3.2 to 4.6. After some operation of the 
180 mi. This technical achievement of the Ger- the committee was reconvened in Februa 
mans, the culmination of an effort initiate din 1955, and recommended construction. of the la 
dramatically brought rocket propulsion and super el. After some delay a 15- by 20-in. wine 
sonic aerodynamics to the attention of the whole of 13,000 hp was built at Aberdeen Provins 
world and first Ope rated in December, 1944 

In the United States, deve lopment Of supersonte Sefore World War Ll ended, the Nati 
aerodynamics moved more slowly. Following the visory Cominittee for Aeronautics had in op 


work of Briggs, John Stack constructed in 1933 a in addition to a modified version of Stack 
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wind tunnel, a 9-in. supersonic wind 
a l- by 3-ft supersonic wind tunnel. It 
ocess of design three large supersonic 
unnels, 4- by 4-1t, 6- by 6-ft, and 6- by 8-ft, at the 
king section, intended to reach a Mach number 
9a speed which at the time appeared fantas- 


ly bevond the current aircraft speeds of about 


mal 







VOI 






liv. These wind tunnels went into operation 





V0) 





mn 1948 
Studies of the possibility of supersonic flight were 
beoun by the NACA as early as 1942, but suitable 
power plants were not available. However, in 1944. 
the Army, Navy, and NACA decided to explore 
the possibilities by the use. of research airplanes 
i) a cooperative program. The object was to try 
t in actual flight various design features that 
had been studied in wind tunnels and by other 
wehniques and to secure additional information 
n the problems of transonic and supersonic flight. 
lhe program has been remarkably successful and 
ed within 3 years to the first supersonic travel of 
man himself in controlled horizontal flight. As 
mentioned earlier, this landmark was passed on 
October 14, 1947. On March 26, 1948, a speed 
of 1.47 times the speed of sound was reached. ‘This 
maintained. William Bridge- 







record was not long 
an in another of the research airplanes, the Doug- 
s)-558-I1, reached a speed of 1.8 times the speed 
‘sound during the summer of 1951. NACA pilot, 
Scott Crossfield, passed twice the speed of sound 
n November 20, 1953, and on December 12, 1953, 
Yeager in the Bell X-1A attained a speed of nearly 
tinies the speed of sound. 
Soon after the dawn of the supersonic age of 














an in 1947, improved versions of current tactical 





litary airplanes were flown safely beyond the 
speed of sound in dives. One NACA pilot, Georg 
E. Cooper, has flown for some 42 min at supersonic 







speeds in aircraft diving toward the ground. Last 
tactical military 





ear the first of the supersonic 
nes capable of horizontal supersonic flight 






ith military load made its first flight. 
\ research airplane has flown faster than the 
speed available in any wind tunnel of size sufficient 






reliable development testing. However, plans 
in 1946 were implemented in 1950 and 





nhitiated 
ve large supersonic wind tunnels with maximum 
speeds of 3.5 to 10 times the speed of sound are 










approaching completion. Some of them will begin 
per ns next vear to give a solid foundation for 
upersonic travel of missiles and airplanes of greate1 
ve ind still higher speeds. At present, super- 





ae 





tunnels 


Ww ind 


Aerodynamic information from supersoni 
often assumes the form of this shadowgraph picture of a 
missile model streaking through the Ames Aeronautical 
Laboratory's free-flight tunnel at 2500 mi/hr. Note the 
shock lines streaming back from the nose and tail surfaces 
Courtesy National Advisory Committee for Aeronautics 
sonic travel of man is a military necessity: tomor- 


row it will be an evervday incident of trade and 


commerce 
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Earth, Sea, and Sky: Twenty 
ears of Exploration by the 
ational Geographic Society 


Dr. Grosvenor, 


president of the 


GILBERT GROSVENOR 


National Geographic Society since 1920. } 


edited The National Geographic Magazine for 55 years. Born October 28, 187 


in Istanbul, Turkey, Dr. Grosvenor was graduated 
Amherst College in 1897 and received the M.A. 


laude fr 


magna cum 
degree in 1901. He wa 


when Alexander Graham Bell asked him to come to Washington t 
then-slim journal of the National Geographic Society. Pioneer in pictoria 
nalism and particularly in color illustration, Dr. Grosvenor also organize 


the Society's cartographu 
millions throughout the world. Contributor of articles and author of a 


section, whose maps have been distributed by the 


numbe 


of books published by the Society, he has recetved numerous honorary degre 


and awards 


N exciting era of gcographi research was 

opening in 1933 when Lyman Briggs, long 

a close and valued friend, became Director 
of the National Bureau of Standards and, in that 
same year, a member of the Board of ‘Trustees of 
the National Geographic Society. Within the next 
2 years, daring men were to take the Society’s 
brown-ereen-and-blue skies 


and to greater ocean depths than ever before had 


flao higher into the 
been ventured. 

These are not merely record-breaking exploits. 
The projec ts gave scientists unprecedented oppor- 
tunities to send their instruments up into the strato- 
sphere and down into the unknown depths of the 
They 


great value. Results of the high-altitude studies in 


produced data and observations of 


Seas. 


the stratosphere, for example, are credited officially 


with leading to improved performance of Ameri 
can aircraft in World War II. 

Significant 20 years ago were the two directions 

up and down—in which the Society was look- 
ing. Even today, sky and sea are still frontiers. ‘Two 
decades ago, they represented challenges just be- 
ginning to be taken up 
Dr. 


sponsibilities in guiding the 


From the first, Briggs assumed heavy re- 
Society’s continuing 
sponsorship of scientific endeavors in the field of 
geography. Since 1934, he has served as chairman 
of the Research Committee. Research that he has 


helped to formulate and coordinate. carried out 


206 


from 


es, universities, societte 


colle 


s 


and geographi 


Society 
many parts of the world, has written a record « 


by National Geographic expeditions ir 
increasing scope and importance. 

In 1953 we could scarcely have foreseen that 
1953 scientists, working under the sponsorship « 
the N 


tional Geographic Society, would be reaching 6 


more than 2 million member families of 
million light-years into space for details of a n 
map of the heavens, 2200 years back in time t 
salvage a Greek shipwreck from the Mediterran 
floor, and into drifting pastures of planktoni 

in the Gulf 
migrations. 


Stream to solve mysteries of mari! 
The year that Dr. Briggs joined our work, Rea 
Admiral Richard E. Byrd sailed for the Antarcti 
for the second time. He was returning to Litt! 
America with one of the best-equipped exploru 
society, t 
numbering 871,000 members, had subscribed su! 
The United Siates 
through the depths of the depression 
1934, the Society 
ticipation in two other scientific projects in ad 
tion to the Second Byrd Antarctic Expedition 


expeditions in history. To it, the 


stantial sums. was 


Early in announced 


would sponsor a balloon ascent into thi 

sphere. It would back Dr. William Beebe i 
deep-sea dive in his bathysphere. 

efforts. Beeb 
Otis Barton reached a record depth of 302 


Success crowned all these 


the waters off Bermuda and described sea life 
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In Washington, Dr. Briggs studies radiograms from the seven eclipse stations on May 8—9, 1948. Spread fron 
to the Aleutians, observers kept split-second timing of all eclipse phases. [Courtesy National Geographic So 


before known. Admiral Byrd came home in 1935 © safety just as the hydrogen-air mixture in the bal 

ith a mass of new scientific data on Antarctica, loon exploded. Despite the gondola’s terrific im- 
ncluding proof that the vast land is a single con- pact upon crashing, much valuable information 
nent and the first measurements of the thickness was recovered from its wrecked instruments and 

its ice Cap. automatic Cameras. 

In cooperation with the U.S. Army Air Corps, The second balloon was soon being planned 
he Society made detailed preparations for th Using helium in place of hydrogen, it had a capac- 
historic balloon ascensions of 1934 and 1935. Dr itv of 3,700,000 ft The gondola was again con 
Briggs was chairman of the scientific advisory com- structed of Dowmetal, a magnesium alloy. Carry- 
uittee for these flights. He helped plan and design ing Stevens and Anderson and a ton of scientific 
he instruments to be taken aloft and was per instruments arranged by Dr. Briges, it rose to an 


lly responsible for several officially recognized altitude of 72.395 ft. or 13.71 
Both Explorer I and Explorer I] were, in turn, mu, a world-record ascent for man that stood until 
largest free balloons ever built. The first rose a U.S. Navy Skyrocket plane climbed 79,000 ft 
July 28, 1934, from the Stratobow] in the Black 1n 1951 
Hills of South Dakota to an altitude of 60,613 ft Explorer I] brought back to earth an unparal 


| 


carried Major William E. Kepner (now Lieu- leled series of measurements and observations. The 
General, Retired), Captain Orvil A. An- Army gained useful information on balloon design 
now Major General, Retired), and Cap- and fabric, on the new Dowmetal, on pressurizin 
\lbert W. Stevens. already famous for his high-flying aircraft, on the functioning of liquid 
titude flights and aerial photography. (Ste- air and radio equipment at extraordinary altitudes 
ed in 1949 after retiring from the Army. In addition, these new facts were added to man’s 

| mi above sea level, the balloon tore open knowledge : 
the bottom. The three airmen rode it down 1) Cosmic rays measurable by then 


In’ mat of the earth. ‘They parachuted to cllects, comme im from the vertical 





number from sea level to a certain altitude (57,000 ing spores float in the atmosphere above 36,0) 
ft during the flight of Explorer 11), then decrease 9) The first demonstration was made thiat spo) 
in number as the measuring instrument rises. of fungi will withstand conditions in ¢! 

2) At 72,395 ft, such measurable cosmic rays sphere to 72,395 ft for at least 4 hr. 
coming from the horizontal are as numerous as 10) The first natural-color photograph 
those from the vertical. taken of the sky at high altitudes in t! 

}) The first records were obtained of “bursts — sphere. 
of energy” from atom disruption by cosmic rays 1] The first records were obtained sh 
up to 72,395 ft. brightness of the sky at 72,395 ft (one-tenth of hy 

t) The flight obtained the first track ever made © sky’s brightness when viewed from the earth 
directly in the emulsion of a photographic plate by 12) The first record was made of the brioly 
a cosmic ray of the alpha-particle type having the ness of the sun at 72,395 ft (20 percent on 
enormous energy of 100 million electron volts. than when viewed from the earth 

5) The first values were obtained, by means of 13) Vertical photographs of the earth 
laboratory-size spectrographs, of sun spectra and made from a_ higher altitude than ever bet 
sky spectra up to 72,395 ft. 72.395 {t above sea level 

6) A photograph made from the stratosphere 14) The first radio signals were sent to 
was the first to show the curved top of the tropo- — stations from a transmitter as high as 7 
sphere (marked by the dust which extends up to above the earth. 
that altitude). It also showed the curvature of the The importance to the development of aviat 
earth laterally, of these scientific contributions, in which Dr, Boiges 

7) The first values were obtained for electric played so large a part, was officially recognized 


conductivity of the air between 30,000 and 72,395 Armistice Day, 1945, on the tenth anniversan 
{t above sea level; the first large samples of air the flight, when the National Geographic Soi 
were secured from an altitude above 70,000 ft and the U.S. Army Air Forces unveiled a pl 
showing practically no change in the ratio of nitro- on the historic spot to commemorate the 


gen to oxygen. General of the Army H. H. Arnold, then ( 
8) The first knowledge was obtained that liv- »andine General. U.S. Army Air Forces. wrot 


me on that occasion: 
We owe much to that flight. The cont: 

by vour Society, the scientists you interested 

pioneering effort, and the cooperation 

the Army Air Forces bore fruit in World W 

far in advance of what was imagined to be 

sults at the time. 

The Society’s scientific program meanw!] 
continued full force. Under National Geo 
sponsorship, the late Fred C. Meier, of the Depart 
ment of Agriculture, made further studies 
borne spores, and Shuford Schuhmann, of the \ 
tional Bureau of Standards, sent unmanm 
loons into the stratosphere from North Dakot 

Henry Bb. Collins, Jr., of the Smithsoni 
tution, excavated a prehistoric Eskimo sett 
near Bering Strait in Alaska, adding to ki 
of forgotten peoples along the most probal 
of ancient man into America. Geology 
Salmon River Canyon of Idaho was explor 
Burg reported on his explorations of the s 
most tip of South America, Cape Horn. 

One of the largest icefields and glacia 
outside the polar regions was discovered 
Dr. Grosvenor (left) and Dr. Briggs on the occasion of | by Bradford Washburn in the region of M 


the former's 50th anniversary as editor of the National  FJias and Mount Logan. The latter, Nortl 
Geographic Magazine in 1949. [Courtesy National Geo- oiey: ; : ian armas js wre 
graphic Society ica’s second highest peak, had been discoy 
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16,000 f National Geographic Society’s first expedition 


der Israel C. Russell. 
Having photographed Mount McKinley, the 


lat Spore 1 1890) 


le Strata 


ontinent’s highest peak, in 1936, Washburn. re- 
urned 1 1947 to carry the Society’s flag to Mc- 
inley’s twin summits. In 1951, he led the first 
ent of the western face. 
)r. William M. Mann, director of the National 
sical Park, collected rare and 
in the Netherlands Indies in 
ional Geographic auspices. Other expeditions 
wdied animals in China’s Kwangsi 
ith Africa, and the Rocky Mountains. Rare 
nds of fossil creatures were unearthed in the Bad- 
Lands of South Dakota in 1940. 
Greater knowledge of animals, birds, reptiles, 


AN( 


seldom-seen 
1937 unde 


Province. 


shes, trees, and plants has come steadily from 
Kociety expeditions over the years. In ornithology, 
for example, Dr. Arthur A, Allen, of Cornell Uni- 
versity, found in 1948 the nesting place of bristle- 
thighed curlews on lonely tundra of southwestern 
\laska. Known to science for 163 years, this mem- 
br of the sandpiper family was the last of all 
North American birds to give up the secret of its 
nesting locale. 

Dr. S. Dillon Ripley, of Yale University, found 
rare spiny babbler, the first taken in 106 years, 
ing an expedition into Nepal the next winter. 
lhe scarce scarlet ibis was studied and_photo- 
vraphed in Venezuela in 1949 by Dr. Paul A. Zahl. 
\rcheology has been a field of rich rewards for 


National Geographic Society expeditions since Dr. 


Hiram Bingham, in 1912, uncovered and excavated 


Machu Picchu, lost city of the Incas. On January 
h, 1959. Dr. Matthew W. Stirling, director of the 
jureau of Ethnology of the Smithsonian Institu- 
Mexico the 
lated work of man yet found in the New World. 


tion, discovered in southern oldest 


was a stone stela bearing a Maya date inter- 
reted by the Spinden correlation as November +, 
‘ B.¢ 

Later excavations since 1940 uncovered colossal 
salt heads and other monuments of a vanished 
Dr. Stirling 
lence of another pre-Columbian culture entirely 


vilization. In Panama, found evi- 


science. Included are carved stone statues 
ntly of slaves carrying warriors on their 
nd elaborately decorated four-legged corn- 
r stones. 
pses of the sun have ranked high among Na- 
‘| Geographic Society studies during the past 
Dr. Briggs has taken an active part in 
this program. 
96, he helped to coordinate work of two 
astronomers who traveled to central Si- 


One of 11 colossal stone 


Mexico by Matthew W. Stirling beginning in 
one, el Rey, king of them all, weighed 
La Venta people carved these heads 
years ago, presumably in their own flat-nosed image. All 
helmets. in the manner of a football eleven. [Cour- 
Societys 


heads unearthed in southern 
1939. This 
Vanished 


than 1300 


1) tons 
more 


weal 
tesy National Geographic 


beria for a blackout of the sun. The following year 
in cooperation with the U.S. Navy, the Society sent 
mid-Pacific for the 
The 


world followed this project via radio broadcasts by 
George Hicks of the National Broadcasting Com- 


Island in 
1200 


scientists to Canton 


longest solar eclipse in vears. entire 


pany 

In 1940, a joint National Geographic Society 
National Bureau of Standards expedition went to 
Another 
eclipse expedition returned to Bocaiuva, Brazil, in 
1947 the 


ever organized for such studies. In addition to the 


Patos, Brazil, for a total solar eclipss 


This was one of most extensive efforts 

Society, cooperating institutions included the U.S 

Army Air the National Stand- 

ards; Lick Observatory of the of Cali- 
Yerkes Observatory of niversity of 

Chicago: 

Naval Observatory: 


Bartol 


Forces: Bureau ot 
University 
the [ 
College Observatory: U.S 
S. Naval Research 


the 


fornia: 
Georgetown 
Labora- 


Franklin 


institutions 


tory: Research Foundation of 
Institute: and six Brazilian scientific 


Led by D1 


tists, aS 


Briggs. the team included 16 


scien 


} 


officers and noncommissioned officers of! 


the Army Air and Ground Forces. and five mem- 





hers of the National Geographic staff. All person- 
nel and 75 tons of supplies were flown to a specially 
built airstrip near the eclipse camp. Camping in a 
tent city on the hot inland plain of Brazil, they 
dressed in the carefree fashion of desk-bound sci- 
entists in the distant field. 

A prodigious amount of work was accomplished 
in the 228 sec of totality. Cosmic rays were meas- 
ured by balloon trains sent to 50,000 ft. Radio 
beams probed the ionosphere. The motion of the 
moon was timed accurately. Bending of starlight, a 
check on Einstein’s theory of relativity, was meas- 
ured. As part of the latter work, Dr. Briggs meas- 
ured temperature changes of air near the earth’s 
surface during the eclipse. 

The following year, 1948, the Society continued 
its investigations by sponsoring and coordinating 
seven eclipse teams. These observed and timed the 
annular, or ring, eclipse of May 8-9 from stations 
in Burma, Thailand, China, Japan, Korea, and the 
Aleutians. High-flying B-29’s over the Aleutian 
chain pioneered a new approach in eclipse hunting. 

In 1952, the Society sent Dr. George A. Van 
Biesbroeck, of Yerkes Observatory, to the Anglo- 
Egyptian Sudan for additional measurements of 
the so-called “Einstein Shift” of stars during an 
eclipse. His determined values closely matched the 
Einstein predic tion. 

I have often been asked why the National Geo- 
graphic Society has been so interested over the 
years in eclipse studies. There is more to it than 
man’s unending attempt to push the frontiers of 
his knowledge farther out into the unknown. 

As F. B. Colton, of the Society’s staff, wrote in 
describing the Bocaiuva eclipse expedition, it seems 
only common sense ior man to try to learn every- 
thing possible about the sun, since in the long run 
the sun is the most important thing in our lives. 

Without the sun’s light and heat, no life on earth 
could exist. Its rays are the motive power of our 
weather. They create the reflecting ionized layers 
of the air that make long-distance radio communi- 
cation possible. They produce winds aloft, tem- 
perature strata, and other upper atmosphere condi- 
tions that we need to know about in an age in 
which stratosphere planes, high-flying rockets, and 
guided missiles are penetrating into a brand-new 
world at ever greater altitudes. 

Cosmic-ray research, not only during — solai 
eclipses but regularly, and at varying latitudes and 
altitudes, has been a continuing project of the So- 
ciety in which Dr. Briggs has had particular in- 
terest. In cooperation with the U.S. Army Ai 
Forces, U.S. Air Force, and the Bartol Research 
Foundation of the Franklin Institute, high-altitude 


S00 


studies of cosmic rays have been carried on by ty 


National Geographic Society since 1946, }-29 “A, 
ing laboratories” made the first systematic and cop 
tinuous record of cosmic-ray intensity over a 7(-de 
range of latitude and from 5000 to 35,000 f¢ jn alt 
tude. Instrument-carrying balloon trains, some g 
which have reached 136,000 ft, have been sent alof 
by Bartol physicist Dr. Martin A. Pomerantz frog 
eastern Pennsylvania; Churchill, Manitoba: 
most recently from India. 

Since 1938, Dr. Carl W. Gartlein, of Core 
University, has headed investigations of polar ay 


al 


roras under National Geographic auspices, }j 
studies have revealed when the rippling lights ¢ 
the night sky occur, their positions and relatiyg 
brightness as well as their relationship to magneti 
storms and the sunspot cycle. 

Dr. Gartlein’s work has been closely followed } 
scientists of the National Bureau of Standards, th 
Carnegie Institution of Washington, and other ip 
stitutions. Dr. Briggs has maintained close contact 
with this work. Among other results, it has enabled 
precise measurement of the height of the earth’ 
atmosphere and analysis of gas composition in th 
ionosphere, 

The rock-gouged mark of a solid space missil 
a giant meteor, was investigated by a National Geo- 
graphic Society expedition sent to the barren U 
gava Peninsula of northernmost Quebec in 195 
Dr. Victor Ben Meen, 
Royal Ontario Museum of Geology and Mine 


Under director of 


ogy, magnetometer proof was established ot 
Chubb 


Largest such scar known on earth, the hol 


meteoritic origin of 


Ungava) ( 
i 


from subarctic granite gneiss is more than 2 n 
diameter and 1325 ft deep. 

Ground and aerial studies were directed in | 
toward solving the origin of giant gravel p 
graphs on the mesas of southeastern Califor 
known as the Blythe-Ripley Effigies. Researe! 
Frank M. Setzler, of the U.S. National Mus 
attributed them to Yuman speaking Indians « 
1540 and 1850. His field work » 
prompted by the interest of General of the A: 
George C. Marshall and the late Genera 
Air Force H. H. Arnold, both Trustees otf 


tional Geographic Society, who had seen 


time between 


markable figures on a flight in 1945. 

In 1952, the Society joined with Cambridy: 
versity, the Royal Geographical Society of Londo! 
and the Scott Polar Research Institute to 
a study of West Spitsbergen Island by eight Brits 
Also that year, a staff 


photographer of the National Geographic Soci! 
\ 


sponsol 


scientists. artist al! stai 


traveled to remote parts of French Equaté 
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1al Geo- 5 ae . . . . 
Explorer II of the National Geographic Society 
cn whed the record altitude of 72,395 ft. Dr. Briggs was 
195 historic ascent into the stratosphere. [Courtesy 
ot ti ‘ ; : oF 
( rca and French Cameroons with an expedition to 
iner ; “f 
tudy birds, mammals, and plant life, cosponsored 
ot thy e = 
Cs y the American Museum of Natural History and 
Yat r mi ’ 
' ; Dr. and Mrs. Carnes Weeks. 
ast ij . ; 
Interest in the seas has continued to rank high 
i . ‘ 
; the Society’s research program. In 1940, photo- 
sraphs were made of the Atlantic bottom at depths 
n ly ate . toe 
lown to 2730 ft. Dr. Maurice Ewing worked from 
ict ; 
the Atlantis, research vessel of the Woods Hole 
forn! ; ‘ . ta 
Oceanographic Institution. In 1947 and 1948, Dr. 
ren | ° > ° ° ° 
Ewing again headed Society-sponsored scientific 
ake trams that surveyed the Mid-Atlantic Ridge, a 
Sf . 
major mountain range beneath the ocean. 
kK W - : : : 
Since 1950, the Society and the Marine Labora- 
ry of the University of Miami have jointly spon- 
ot tl : : : : 
: ored studies of marine plankton in the waters of 
( \ " . e ° ° ° 
the Gulf Stream. Mixed with microscopic plant 
m2 — ‘¢ - 
ind animal life have been found many still-unrec- 
nized larvae. These may well be the young of 








‘ich game fish as the marlin, tarpon, and wahoo, 
ndor whose migrations through the oceans largely re- 
Se ain mysteries. The plankton project, headed by 
a Dr. FG. Walton Smith and Dr. Hilary B. Moore. 
— of the University of Miami, seeks to identify early 
, : ‘ages of such pelagic fish. 





L, in 1952, in cooperation with the French 





Army 










Air Corps stratosphere flight on November 11, 1935, 


chairman of the scientific advisory committee for this 


National Geographic Society 


French Academy of Sciences, and 


other organizations, the National Geographic So- 


government, 


ciety initiated a 4-year oceanographic research 


project. It is headed by Captain Jacques-Yves 


‘ 


Cousteau. French Navy officer and co-inventor of 


the free-diving apparatus called the Aqualung 
U.S. Navy 
sweeper, the Calypso, Aqualung divers have been 
a Greek-Roman cargo ship that sank 
More than 


ful Greek wine jars, or amphorae, have been recov- 


From a converted 350-ton mine- 
salvaging 
about 230 B.c. off Marseille 1000 orace- 
ered from their 2200-vear-old grave, as have thou- 
sands of pieces of Campanian pottery ware, black- 
varnished dishes of the ancients 

On this side of the Atlantic, in Chesapeake Bay 
Gilbert C. Klingel 


1953 from a steel diving tank called the 


marine biologist studied bay 
life in 
specially built for this Society project 
photographer Willard R 
Culver with Mr. Klingel to 


make color photographs under water and at night, 


Aquas¢ ope 2 
Nationa! 
descended regularly 


Geograph 


aided by 

into the 
Had it not been for 

Dr. Briggs himself would have made a descent in 


high-speed electronic-flash lights built 
diving chamber 


a crowded diving schedul 


the Aquascope last summer 





Ways of life of some of the earth’s most primi- 
tive peoples, Arnhem Land aborigines of northern 
Australia, were studied in 1948 by an expedition 
of the Society, the Smithsonian Institution, and 
the Commonwealth of Australia, led by Charles 
P. Mounttford. 

his vear, Mr. Mountlord heads a further inves- 
tigation, under Society sponsorship, of the art, 
mythology, and ethnology of natives of Melville 
Island north of Darwin, Australia. 

Another current project of far-reaching scope is 
the National Geographic Society’s Sky Survey at 
Palomar Observatory in cooperation with the Cali- 
fornia Institute of Technology. For 5 years, astron- 
omers have been engaged in systematically photo- 
vraphing the heavens with Palomar’s 48-in Schmidt 
telescope-camera. When complete, a definite sky 
atlas of 1758 plates will give astronomers enough 
material for perhaps a century of study. 

Already the Sky Survey has discovered many 
thousand new clusters of far-distant nebulae. Only 
a score of such systems of gas and stars were known 
previously. New comets, asteroids, and stars have 
been discovered. This extensive sky-mapping work 
now is more than two-thirds completed. 

Not only the more distant reaches of the uni- 
verse are being probed by Society-sponsored _re- 
search. An expedition to Bloemfontein, South Af- 
rica, under Dr. E. C. Slipher of Lowell Observa- 


tory, will spend much of 1954 photographino 


planet Mars during its nearest approach to 4) 


earth in 13 years. 

Many mvsteries and uncertainties ree 
earth’s neighboring planet will be = studied 
project is one of a large number to be carried 


under the general organization of the internatio, 


“Mars Committee.” The National Geograph) 


‘ 4 


ciety has been happy to join in this united effoy 


If there has been one common element in thes 


many and varied explorations of science with w} 
the Society has been associated during the | 
20 years, it has been this joining together in ¢ 


dinated effort by institutions devoted to many py. 


pe SES, 


In these cooperative efforts, Dr. Briggs has served 


as guide and catalyst. He has given unstintingly 
his time, his interest, his counsel, gawd*his ‘ing 
parable experience. In their success, he playe: 


“ 
prominent, even an indispensable, part. 


Now, a personal note. No resume of Lyn 
Briggs’ scientific achievements—and they are m 
can begin to tell the story of Hyman Briggs 
man. To me, he is a cherished friend and cont 


Wn 


porary. We have walked the same paths toget! 


over many, Many years. 


To the National Geographic Society— its truste 


its members, its staff——the life of Lyman Briggs 


an inspiration. And not to them alone, but to mer 


of science and of good will everywhere. 


SPW 


There ought to be some regulation with respect to the spirit of denunciation that 


now prevails. If every individual is to indulge his private malignancy or private am- 


bition, to denounce at random and without any kind of proof, all confidence will be 


undermined and all authority be destroyed. Calumny is a species of treachery. It is 


a private vice productive of public evils; because it is possible to irritate men into 


disaffection by continual calumny who never intended to be disaffected. 


It is, therefore, equally as necessary to guard against the evils of unfounded o1 


malignant suspicion as against the evils of blind confidence. It is equally as necessary 


to protect the characters of public officers from calumny as it is to punish them for 


treachery or misconduct.—-Thomas Paine, in a letter to Danton, May 6. 1793. 
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Gravitation — Still a Mystery 


Dr. Heyl recewed his Ph D dex 
He spent 12 years teaching in Pennsylvania high schools and 10 years as 
cist for the Commercial Research Company in Neu 
physicist for the National Bureau of Standards, where he 
1942. 


retirement in 


the Potts Medal 


Dr. 
1943 


LR. HEYL 


the 


PAL 


1899 
physi 
York. In 1920, he became 
remained until his 
Heyl was awarded the Boyden Premium (1907 
by the Franklin Institute. In 1922, he shared with Dr 


ree at University of Pennsylvania in 


and 


Briggs the Magellan Medal of the American Philosophical Society for the in- 


vention of the 


RAVIETATION—that 


has attracted attention since ancient times. 


mysterious force 


The earliest guess at a possible cause that 
an be ascribed to any definite authority is that of 
\ristotle, the Greek philosopher, about 350 B.c. In 
is treause “On the Heavens,” he explained the 
falling bodies to the earth by ascribing to them a 
operty of “heaviness”; and, because he observed 


smoke, fire, and air (released under wate 
ose rather than fell, he ascribed to them a property 
“lightness,” thus dividing all bodies into two 


lasses with a sharp line of distinction between 


them 


Incredible as it may seem, this idea survived until 

he 18th century. It played an important part in 
e invention of the fire balloon by the Montgolfiet 

They, like Aristotle, had observed the 

sing of smoke and the floating of clouds, and they 
easoned that if they could enclose enough smoke 
na bag the lightness of the smoke would carry the 
ag up with it. That they had no thought of the 


art that hot air might play in this experiment is 
‘iown by the fact that the fuel they used for the 


irst balloon was chopped straw, a material that was 


ither inconveniently bulky but one that produced 


much smoke. After the success of their first experi- 


its, the true cause of the ascent of their balloon 
vas pointed out by the physicist, J. A. C. Charles, 
vio suggested the use of hydrogen in later trials. 


\ristotle also stated that heavy bodies fell with 


Pe’ 


proportional to their weights. Although he 


might easily have checked this by experiment, he 


not seem to have done so; and so great was 
thority as a philosopher during the Middle 
n Europe that this error was generally ac- 
up to the time of Galileo, in spite of re- 
experiments to the contrary made by several 
tics who antedated Galileo. But neither Aris- 
or Galileo nor any intermediate student of 


earth 


inductor This was used by Lindbergh 


his first transoceanic flight to Europe 


com pass. com pass 


nature seems to have advanced any hypothesis on 
the ultimate cause of gravitation. 

Newton, as he says in his Principia, purposely 
avoided advancing any suggestions concerning the 
but, he 
“framed no hypotheses” in his formal and official 


ultimate cause of gravitation: though 
Ww ritings, his letters show that privately he specu- 
lated freely. There is extant a letter from Newton 
to Robert Boyle in which it is suggested that the 
attraction of bodies toward the earth might be due 
to a change in the density of the ether at different 
levels above the earth’s surface. 

In the annual report of the Smithsonian Institu- 
tion for 1876, there is an article by W. B. ‘Taylor 
giving a summary and criticism of all the theories 
of gravitation that had been suggested from the 
time of Newton until the writing of the article 
Later theories, including that of Einstein, are de- 
article entitled “‘What is Gravita- 


Monthly tor August, 1938. 


scribed in my 


tion?” in the Scientific 


Experimental Facts of Gravitation 
Constancy. All bodies, light or heavy, fall with 
the same speed in a vacuum; and pendulums of 
the same length, but with bobs of different mate- 
rials, have the same time of swing. Newton experi- 
mented with pendulums with bobs of wood and of 
gold and found no difference in the time of swing 
1000. Bessel, in 1832 tested 


in the same way a number of different substances, 


as great as | part in 


including two of extraterrestrial origin——meteori 
iron and meteoric stone. He found no difference as 
great as 1 part in 60,000. In 1922, Eotvés, with his 
torsion balance, pushed the precision to 6 parts in 
| billion. The substances tested by him form a con- 
siderable list, including copper sulfate, both in the 
solid state and in solution, thus furnishing evidence 
on change of state. He also tested a mixture of sub- 
stances before and after a chemical reaction had 
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taken place between them and, in addition, worked 
with radioactive material. The results were nega- 
tive in all cases. 

Effect of temperature. The possible effect of 
change of temperature on gravitation was investi- 
gated by P. E. Shaw in 1922. He at first believed 
that he had obtained a small positive result, which 
he later found to be due to experimental error. His 
final conclusion was that gravitation is independent 
of temperature to 2 parts in | million per degree 
centigrade. 

Astronomical evidence on this point is furnished 
by certain short-period comets. As these bodies ap- 
proach the sun, their temperature must arise con- 
siderably; and, if this temperature rise has any ef- 
fect on gravitation, their orbits should be altered 
considerably. But, since these comets return time 
after time with no displacement other than that 
which can be accounted for by the influence of the 
planets near which they pass, the temperature effect 
must be nonexistent. Because of the great rise of 
temperature in such cases, many times that which 
can be applied in laboratory experiments of this 
character, the precision of this result must exceed 


that obtained by Shaw. 
Crystalline structure. Many crystals exhibit dif- 
ferent physical properties in different directions. 


Their conductivity of heat or of electricity may 
vary in this way; and it sometimes happens that 
the faces of a crystal may differ in hardness. As an 
extreme case, the mineral iolite appears deep blue 
when viewed in one direction and brownish yellow 
when viewed in a perpendicular direction. Experi- 
ments have been made to see whether crystals show 
any change in weight when they are differently 
oriented with respect to the earth. The latest work 
of this character was carried out by the present 
writer at the National Bureau of Standards in 1924. 
The results were negative with a precision of 1 part 
in 1 billion. Weighing pieces of steel in a magne- 
tized and in an unmagnetized condition has also 
given negative results. 

Speed of travel. The question of a finite speed 
of travel of gravitational action was discussed by 
astronomers in the early 19th century; and the con- 
clusion was reached that, because of the absence 
of any perceptible aberration of gravitation, its 
speed of travel, if not infinite, must be many times 
that of light. There is, however, a tradition that 
Laplace once started to read a paper on this sub- 
ject before the French Academy but after a few 
sentences stopped, put the paper in his pocket, and, 
saying “I must consider this further,” left the plat- 
form. Possibly, he saw what should have been seen 
before, that gravitation is not a one-way proposi- 
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tion as light is. Vhe earth attracts the su 
strongly as the sun attracts the earth, and 
nite direction can be assigned to the pro} 
of gravitational action. 

Magnitude of gravitational force. Our ¢ 
cles around the sun at the rate of 18 mi/se 
holds it in its orbit and prevents it from {| 
at a tangent, like drops of water from a 
rotating grindstone? ‘The force of eravitat 
say. We repeat these words glibly, but do we 
the magnitude of this force? Calculation sh¢ 
the centrifugal force of the earth in its orbit 
snap a steel cable 5000 mi in diameter! And 
space, “empty space,” holds the sun and the ear 
together. The space in which we live, with its era 
tational mystery, is a greater wonder and a ny 
mysterious puzzle than the celestial bodies thai 
contains. 

But we must not get the impression that gravit 
tion is the greatest force in nature. In the casi 
large masses, such as the earth and sun. the force 
also large; but in the case of small masses that 
be handled in the laboratory gravitational fo 
is smaller than some other physical forces. Consic 
two persons, each weighing 180 |b and standi: 
side by side. They will have a mutual attracti 
of a few hundred-thousandths of an ounce. Cor 
pare this with magnetic attraction. A steel hors 
shoe magnet which you can hold in one hand \ 
lift a lump of iron weighing 1 lb. 

Screening effect. The most characteristic 
possibly the most significant) thing about gravi 
tion is the fact that it cannot be cut off by 
screen. Many substances are partially or whi 
opaque to light, heat, or sound; electric and ma 
netic forces can be greatly reduced by interposi 
a suitable screen; but there is no known screen { 
gravitation, Laboratory work on this subject | 
been done, but the best evidence is astronomi( 
and, because of the large scale of such phenomer 
and the length of time available for cumulati\ 
observation, the precision of such evidence is hig 
For example, we may regard the whole earth as 
screen and consider what would happen at e 
eclipse of the moon if there were any gravitat 
absorption in the earth. If at such times the 
attraction for the moon should be reduced by 
a very small amount, the moon would re 
slightly from the earth, and this effect would 
come evident in a few years. It, therefore, appear’ 
that there is no material in or on the earth that 
has any perceptible absorption for gravitatior 

Inverse-square law. According to Newton’s 
the force varies inversely as the second pow 
the distance between the attracting bodies; an 
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nly Ol since Newton stated this law has its 


been seriously questioned. In 1845, Lever- 


ccurat 
ep called attention to the fact that the planet Mer- 
ry showed a slight irregularity in its motion, in- 
onsistent with the law of inverse squares and too 


to be explained as an error of observation. 


ge 
[his discrepancy was confirmed by later observers. 
1 the seriousness with which it was generally re- 
varded is shown by the attempts that were made 
1 explain it on the basis of Newton’s law. All such 
ittempts were failures. It is true that the assump- 
on of a belt of diffuse attracting matter surround- 
¢ the sun equatorially might account for this 
regularity on the part of Mercury; but such mat- 

in quantity sufficient to produce this effect. 
vould undoubtedly be visible. 

\l] such attempts having failed, the radical pro- 
sal was made to alter slightly the Newtonian law 
by changing the exponent 2 to 2.000,000,1612. ‘This 
suggestion was made by Asaph Hall, of the U.S. 
Naval Observatory, the discoverer of the satellites 
{ Mars, and for a time it received the favorable 
onsideration of no less an authority than Simon 
Newcomb, who abandoned it only after E. W. 
Brown showed that the motion of the moon would 
not allow even this slight departure from the whole 
number 2. The anomalous motion of Mercury thus 
remained an unexplained puzzle until Einstein, 
arly in the 20th century, offered an explanation 
based on his theory of relativity. This was the first 
idvance made in the subject of gravitation since 


the time of Newton. 


Linstein’s Contribution to Gravitational Theory 


\t the end of the 19th century, our knowledge of 
ravitation, in its positive aspect, stood just where 
Newton had left it. Much experimental work had 
heen done, and many theories had been proposed, 
ill of which had to be discarded. A whole class of 
hese theories was ruled out by the absence of 
ravitational screening, namely, all electromagnetic 
theories. It was reserved for Einstein, in the 20th 
century, to make a suggestion concerning the na- 
ture of gravitation that constituted the first posi- 
live advance made since the time of Newton 

\ll the facts concerning gravitation were well 


iown to Einstein. The absence of any screening 


eflect indicated to him that gravitation is a push 
rather than a pull; but an explanation of this push 
seemed to him to transcend the limitations of three- 


mensional space. This led Einstein to go into the 
liyper-geometry of four-dimensional space tor an 
explaination. Radical as this may seem, it enabled 


explain the irregularity in the motion of 











author at the National 
the constant of grav! 


Torsion balance used by the 
Bureau of Standards to determine 
tation 


Mercury and to predict two new optical phe- 
nomena, both of which have been experimentally 
verified. Here we have a hard saying. Let us step 
down again into three-dimensional space to render 
our words mentally picturable 

Imagine a smooth, flat, frozen surface of a lake 
Assuming friction to be absent, a stone set in motion 
on this surface would move in a straight line with 
uniform velocity, obeying Newton’s first law of mo 
tion. If we observe that the path of the stone de 
parts from a straight line at any point, we might 
reasonably infer that there is a slight elevation ot 
depression of the ice at that place. Suppose that 
there is a large heavy stone resting upon the ice, 
producing a rather deep and widely extended de- 
pression, or cusp, in the surface. At some distance 
from it, where the ice is again flat, suppose that a 
small stone is set 1n motion in a direction that will 
carry it past the heavy stone at a short distance 
from it, well within its cusp. The path of the small 
stone, at first a straight line, will, as it enters the 
cusp, gradually assume a curved form. Assuming 
that no attraction exists between the large and the 


1 


small stone, the latter will pass on and out of the 


CUSP, ILS path avain becoming straight bout, Orb ae 





count of the brief twist to which it was subjected, 
the latter portion of the path will not, in general, 
be in the same straight line as the first. The small 
stone will have suffered a deflection. 

An observer watching the motion of the small 
stone through what we may call Newtonian spec- 
tacles, which do not show him the curvature of the 
ice, will say “Yes; on passing the large stone, the 
small one seems to have experienced a force of at- 
traction that has deflected it from its straight path.” 
But let him replace these glasses by others of Ein- 
steinian make, and he will say “No; I see now that 
there was no force of attraction at all. It was purely 
the inertia of the small stone combined with the 
curvature of the surface that it had to traverse that 
produced the change in its path.” 

If the small stone passed very close to the large 
one, it might not be able to get out of the cusp at 
all but would circulate around and around, describ- 
ing a curve whose shape would depend on that of 
the cusp and on the plane of motion of the small 
stone. If the cusp were shaped somewhat like that 
around the stem of an apple, the path of the small 
stone might be an ellipse that failed to close and 
would resemble the actual orbit of the planet 
Mercury. 

The more we study gravitation, the more there 
grows upon us the feeling that there is something 
peculiarly fundamental about this phenomena to 
a degree that is unequaled among other natural 
phenamena. Its independence of the factors that 
effect other phenomena and its dependence only 
upon mass and distance suggest that its roots avoid 
things superficial and go down deep into the un- 


seen, to the very essence of matter and space. 


Practical Applications of Gravity 


The term gravity, as distinguished from 


tion, is applied to the attraction of the « 


bodies on its surface. Measurements of th 


tion give different results at different latit 


the equator, the centrifugal force of bodies 


with the earth gives a lower value of gray 


is found for points near the poles, where 


trifugal force approaches zero. The flatt 


the earth near the poles gives an additional increay 


in gravity, owing to the diminished distance fro) 


the earth’s center. Therefore, it is possible, by ol 


taining values of gravity at many points, to d 


mine the shape of the earth. 


For this purpose, measurements are needec 


sea as well as on land; and the rolling and pitch 


of vessels make measurements difficult. Spe 


forms of apparatus for such measurements ha 


been devised. Dr. Lyman J. Briggs construct 


{ 


ingenious apparatus for this purpose and, wit! 


made two trips across the Pacific in 1914 and 19 


His apparatus is described in the Proceedin 


National Ac ade my of So ences, AR 199 


1916 


Gravity measurements have, in recent years, bee 


applied in prospecting for oil deposits. Exp rien 


has shown that, in many cases, oil is found in types 


of geological structure which, because of thi 


anomalous density, produce appreciable variations 


in the value of gravity on the earth’s surface abo 


them. Such variations are usually rather smal 


part in 20,000 is about the greatest that has beet 


observed. In consequence, gravitational prospecti! 


I 


must be carried out with a high degree of accurac\ 


But, in spite of this difficulty, such work, on 


whole, has been commercially successful. 


Srw 


Much. if not most. of the pain and misery in the world today can be laid to the 
misinterpretation of signals, rather than to the stern interpositions of nature.—Stuart 


Chase, in collaboration with Marian Tyler Chase, Power of Words (Harcourt. Brace. 
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The Measurement of Soil 
Water in Relation to Plant 
Requirements 


The author has been interested in the 
in his undergraduate work at the 
the Ph.D. degree in physics from Cornell University in 


RICHARDS 


scientific aspects of 
A gric ultural Colle ve He received 
193] spent 4 


L. A 


soul water since earl 


Utah State 
and 


years teaching physics and conducting research in soil physics at Iowa State 


College. Except for a leave of absence for war work, he has been soil physicist 


of the l 


J ] 
Agricultural 


URING the period of his distinguished 
service in the U.S. Department of Agri- 
culture 1896 to 1919, Dr. 
Briggs made historic contributions in the appli- 


from Lyman 
tion of physics to agriculture. ‘Titles of his 
apers indicate the range of subjects to which he 
we his attention. ‘These included — electrical 
ethods for measuring the moisture content, the 
lt content, and the temperature of soil; move- 
ent and retention of water in soil; improve- 
ents in methods of particle-size analysis of soil; 
sorption of water vapor; climate, rainfall, and 
aporation in relation to dry farming. Subjects 
that seemed to occupy his main interest, as evi- 
enced by his publications, were the effect of 
limate on the amount of water required to pro- 
a crop, the relative water retentivity of soil, 
the lower limit of water in soil that is avail- 
to plants. It is the purpose of this paper, on 
occasion of Dr. Briggs’ 80th anniversary, to 
vy some of his contributions to our knowledge 
moisture and to summarize briefly some ol 
we recent information on this subject. 
water is an essential requirement for the 
th and satisfactory vield of crops. The effect 
uuith years has long been observed in semi- 
egions where the available supply of soil 
s the most common limiting factor that de- 
es the size of the harvest. Soil moisture was 
the factors of climate listed for measurement 
U.S. Weather first 


hed as a service to farmers. The measure- 


Bureau when it was 
{ soil water in relation to plant growth, 


54 


WS. Salinity Laborator 
Réseare h 


Soil and Water Conservation Research Branch, 
Service, U.S Department of Agri ulture), Riverside 

California, since 1939 
however, 1s not a simple problem, and this meas- 


urement was soon abandoned by the Weathe: 
Bureau. 

Much of Dr. Briggs’ work was connected with 
problems of the western great plains region. It 
was observed at numerous Department of Agri- 
field that the 


stored in the soil at the beginning of the growine 


culture stations amount of wate! 


season was related to the depth of wetting. Also, 
the maximum moisture content of the soil in the 
wetted zone at each depth and location tended 
to be the same vear after year and evidently was 
determined by the nature of the soil. 


sriggs and McLane (/, 2 


devised and described 
a centrifuge method for appraising the relative 
water retentivity of soil. It consisted of a standard- 
ized procedure for drying, screening, and packing 
soil in metal boxes with perforated bottoms. ‘Thi 


soil was then saturated, drained. and_ finally 


brought to a steady-state moisture condition in a 
centrifuge at a relative centrifugal field of 1000 2 
The percentage of water remaining in the soil after 
this treatment was called the moisture equivalent 
Since its introduction nearly 50 years ago. this 
measurement has been more frequently used thi 
world over than any other single measurement fo 
appraising the water-storing capacity of soil 

It was observed also at the various field stations 
in the western great plains that crops reduced the 
moisture content of the deeper layers of the soil 
Same 


This was recognized by Briges and 


at a given location to approximately the 
value each yea 


Shantz (3, 4) as the lower limit of water availabl: 





for producing a crop. They defined the wilting reference state consisting of a free flat 


coefficient as the moisture content of soil at which — face at atmospheric pressure. ‘The drier the soil, ; 
Thus, the 


of water to move from wet to dry soil is relay 


plants first become permanently wilted and will greater this work would -be. 
not recover turgidity unless the soil is rewetted. 
Briggs and Shantz developed a technique for de- 


termining the wilting coefficient by growing plants 


to the gradient of the capillary potential. From ; 
static distribution of water in soil columns, Bye 
in small sealed pots. The investigations upon which ingham showed the relationship between the ea, 
this concept and the small-pot measuring method 
that 


lary potential and the moisture content for a ny 


were established were so soundly executed ber of soils. 


remained for Willard Gardner and 


their proposal concerning the lower limit of the It 


available range of soil water has been practically ciates (8) to identify the capillary potentia 


universally adopted and has become one ot the Buckingham with the pressure potential of | 


cornerstones on which present knowledge of plant- mechanics which, when the density may be 


sidered constant, is the ratio of the 


soil-water relationships is based. pressur 


The wilting percentage for various soils depends the density of the liquid. Very importantly 


upon the texture or the particle-size distribution. Gardner showed that permeable membranes, s\ 


Fine-textured soils retain more water than course- aS porous ceramic cups, could be used to measw 


textured soils at the wilting condition. For ex- the capillary potential in wet soils. This is possib 


ample, the wilting point for a sandy soil may be because a wall of porous material when wet ca 


3 percent, whereas the wilting point for a clay soil support an appreciable air-pressure — differe 


may be as high as 30 percent. These figures indi- without allowing air to bubble through. This h 


cate the weight of hundred units of | bling pressure, or air-entry value, depends dir 


weight of soil. A sandy soil at a moisture content 


water pel 
on the size of the largest pore through the » 
of 6 percent may contain several percent of avail- Porous ceramic materials are available with ent 
able water, but a clay soil at a moisture content of | Values ranging up to 5 atmospheres (atm) or 1 
30 percent contains no water available for plant 
growth if the wilting percentage is 30. It is ap- 


parent, therefore, that the idea of a lower limit of 


The Tensiometer 

Lhe 
wate! gage has be 
called the This inst 


ment has been used by agricultural experimenter 


combination of a porous cup filled 


available water in soils as established by Briggs and attached to a vacuum 


and Shantz is basic to the interpretation of any 
agricul- 


soul-moisture tensiometer. 


soil moisture-content determinations for 


tural purposes (5 for many years. It is now manufactured in vai 

A year after he joined the Department of Agri- 
culture, Dr. Briggs published the bulletin entitled 
“Mechanics of Soil Mositure” (6). This bulletin 
is notable for its application of some of the well- 
known principles of physics to the flow, distribu- 


use by commercial growers 
The 


moisture plays a role quite analogous to that of 1 


forms and sizes for 


measuring soil moisture. tensiometer fo! 


voltmeter in relation to electricity and will alv 
be one of the standard reference instruments 


tion, and retention of water by soil. sketch in Fig. | illustrates in principle the const 


An additional significant contribution in the tion of a tensiometer. 


application of mechanics to soil-water problems As soil dries from a condition of saturation 


all penetrates the larget pores, and the press 


was made by Buckingham (7), another physicist 


who served both in the Department of Agriculture the water in the soil is reduced below atmosp 
later in the National Standards 


(‘onsiderine a vertical soil column that has been 


Bureau of 


and pressure by an amount that is determined 


face tension and the curvature of the ai 


in contact with free water at its lower end for a_ interface. Since water can move freely thro 


leneth of time sufficient to allow the water to come water-filled pores of the ceramic cup, ther 
to equilibrium under gravity without evaporation, an outward movement of water in respons 
suckingham postulated the existence of a capillary reduction in pressure in the soil water. TI 


held force that was equal and opposite to the ward movement of water from the cup redu 


vravity field force and further expressed this capil- 
lary field as the gradient of a capillary potential. 
This capillary potential was defined for a given 
point in the soil as the work per unit mass of water 
that would have to be done against capillary field 


forces in order to transfer water trom the soil to a 


pressure inside the tensiometer and caus 


reading of the vacuum gage to increase. | 
moisture work, it is convenient to take the | 
of the atmosphere as the zero, or referenc: 
sure. The pressure in liquid water in unsal 
arbitrary convention 


soil is, therefore, by 
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measur 


} 


pe SSIN 


wet car 


flere 


us huh. 


h ent 


rm 


direct] 


ference and is negative. Special terms 
moisture tension or soil suction are often 

wed by soil workers to refer to this equivalent 
negative pressure associated with soil water. The 
hese special terms is deplored by some 
»hysicists, but it is not so much deplored by those 
fo whom the alternative is to live with a negative 
[here is a pressure limit below which the ten- 
metel fails to operate properly, because al 
mes out of solution to form a gas phase or the 
wer within the tensiometer breaks into a vapor 
ase as the pressure in the tensiometer is reduced 
the aqueous vapor pressure of water in_ bulk. 
reason, tensiometers are limited to a soil- 

tion range of about eight-tenths of an atmos- 


re. The properties of the bulk water in the 


iensiometer are responsible for this range limitation 
of the instrument, because there is every reason to 


expect that the suction of the soil water increases 


ntinuously as soil becomes drier. 


Pressure Cells for Measuring Moisture Retention 
Beyond the l-atm suction range of tensiometers, 
direct measuring methods have as vet been de- 
sed that are suitable for use in the field. How- 
er, the relationship between the suction and the 

noisture content of soil has been studied by use 

{ porous plates and porous membranes (9), such 


1] 
s those illustrated in Fig. 2. A porous cerami 


plate with a brass spout communicating to the 


Water-flow 


hannels at the lower surface are provided by en- 


inderneath side is shown at the left. 
osing a circle of brass screen in a sheet of Neo- 
rene that is sealed around the periphery of the 
late. Either fragmented or core samples of soil 

then placed on the upper surface of the plate 
n cylindrical retainers, as indicated in the figure. 

samples are usually wetted on the plate, and 
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A 


Fic. 2. Cells for retention. (A 
Pressure-plate apparatus 


paratus 


measuring moisture 


B Pressure membrane ap 


a vacuum connection is made to the brass spout 
Water may, thus, be extracted from the soil sample 
rises ice) 


until the suction of the water in the soil 


the value produced at the surface of the porous 
plate by the applied vacuum. ‘The attainment of a 
hydraulic equilibrium between the soil sample and 
the plate is indicated when water outflow from 
the system ceases. The tall cylinders shown on. the 
soil-core re- 


membranes in the figure 


that 


represent 


have a bottom retainer of 
attached to the 


soil makes contact through the retainer plate with 


tainers porous 


ceramic material cvlinder. ‘The 


the control membrane. This makes it possible to 


remove the sample tor weighing without disturb- 


ing the soil. In this way. successive equilibria at 


successively increasing suction values can be at 


tained 


In practice it is easier to control ai pressures 


above atmospheric pressure than below. Conse 


quently, it is customary to install the porous plate 
in a pressure chamber indicated by the dotted line 
at A in Fie. 2. The outflow tube is vented to the 
atmosphere, and the excess all pressure 1n the 


chamber maintains the desired curvature at. the 


air-water interface at the top of the plate. In this 
way, equivalent suction values up to the limit of 


the entry value of the ceramk plate are conve 


niently attainable. For higher suctions, celluloss 


acetate membranes are used, as shown at B in 


Fig. 2. 


turn 1s supported on a metal plate with an out- 


[he membrane rests on a screen, which in 


flow tube attached. Heavy plain transparent cello- 
phane, like that used for sausage casing, is readily 
permeable to the soil solution and permits  soil- 
moisture determinations up to 150 atm of suction 


Moisture-Retention Curves 


as the 


be defined 


content of soil at specified suction. It is 


Soil-moisture retentivity may 
moisture 
necessary also to specify the structural condition of 
The curves in Fig } were obtained for 
that 


retentivity as a continuous function of 


the soil 


cores of soil has undisturbed field structure 


they show 





suction over the soil-moisture range that wall sup- 
port crop erowth. 

( yw ing to the fac t that the SU¢ tion required to 
empty a pore with variable cross section is higher 
than the suction at which the pore will refill, the 
moisture content of soil is not a_sinele-valued 
function of the suction. The maximum value curve 

that is, the water-release curve obtained by ini- 
tially saturating the soil and measuring retention 
at ever-increasing suction values—is the most im- 
portant in practice, because this curve applies to 
the soil-drying process that occurs in the field fol- 
lowing rain or irrigation. 

From the measuring standpoint, suction in soil 
water is simply the pressure difference required 
across a permeable membrane to produce hydraulic 
equilibrium between water in soil where the wate1 
is subjected to surface-force action and water in 
bulk on the other side of the porous membrane 
where the water is not subjected to surface-force 
action. Suction is, thus, an “equivalent” negative 
pressure arising from surface force action. It has 
the same algebraic sign as osmotic pressure, which 
is defined in terms of a semipermeable membrane. 
In soil, these two physically and algebraically simi- 
lar quantities are additive and act similarly in in- 
hibiting the absorption of water by plant roots. 

It is not known over what range of suction or 
soil-water contents below saturation liquid water 
is present in soil. Briggs (10) and others have dem- 
onstrated that liquid water will support many 
atmospheres of negative pressure, but it is only in 
selected soil separates over a limited suction range 
that freezing points corresponding to liquid wate1 
at negative pressures can be demonstrated. It. is 
known that the density of water in adsorbed films 
corresponds to the density of water in bulk at hieh 
positive pressure. 

It is often convenient to express soil suction in 
terms of suction head. This is the height of a 
vertical water column required to produce the 
pressure difference under consideration. For wate 
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Fic. 3. Moisture-retention curves for three soils. 
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Fic. 4. Curves showing the decrease in stem elo: 
of sunflower plants on successive days during soil-1 
ture depletion. Growth ceased at the first perma: 
wilting percentage. 
in soil to be at rest under gravity, the suction hy 
must increase with elevation, and the increas 
suction head must be just equal to the increas: 
elevation. Thus, when the upward force dur 
suction gradient is just equal and opposite to g1 
ity, the net water-moving force is zero. ‘Tens 
meters can be used in field soil to determin 
net water-moving force, both in direction 
magnitude. Multiple tensiometers for this purpo' 
are constructed with equally spaced porous secti 
flush mounted on a tube for insertion in a 
tube hole; they indicate hydraulic condition 
undisturbed field profile (9). If tensiomete: 
ings indicate, as is often nearly the case alt 
heavy rain or irrigation, that che soil-suction 
dient is zero, this means that gravity alone is 
and that the net downward water-moving [or 
“Bee 

There are a number of different instru 
available for measuring soil moisture for agri 
tural purposes. One type measures the ele 
resistance of the water in an absorption un 
is buried in the soil. Fiber glass and gypsum bloc! 


are commonly employed for these units; and, 


The 


properly calibrated on pressure membranes, 1 


THE SCIENTIFIC MON’ HL 





in be ‘d to measure soil suction in nonsaline 
ils, Other methods that are responsive to total 
mtent, the 


must be calibrated in each soil in order 


vater ¢ such as neutron-scattering 
ethod 


- either available water or suction. 


indi ile 
Significance of Retentivity Measurements 
\foisture-retention curves have considerable the- 
ical and practical significance. For example, 
found (//7) that the limit of 
plant growth 


has been lower 


er available for corresponds 
osely to the 15-atm percentage. This retentivity 
ie is determined by bringing a wetted sample 
isoil to equilibrium on a membrane at 15 atm of 

pressure. ‘The determination can be completed 
| day or two with numerous samples: hence, it 
: rapid and comparatively inexpensive measure- 
nt Phe 
s based directly on the careful pioneer work of 
OOS and Shantz a. 4 


ical response of plants as available soil moisture 


development of this method, however. 


concerning the physio- 


epleted. 

\nother useful aspect of retention data comes 
fact that, when expressed in terms of 
the 


above a 


m the 
tion head, the curves give directly static 
distribution of water with height wate! 
ble, the latter being defined as the locus of points 
the soil at which the suction is zero. For example, 
t was found that moisture release did not occur 
om the Chino clay soil in Fig. 3 until the suction 
xceeded 0.1 atm, or more than 100 cm, of suction 
ead. Consequently, this fine-textured soil during 
the field 


nore than a meter above the water table. 


rainage in will remain saturated fon 
[he curves also indicate the relationship of soil- 
oisture content to tensiometer readings. The suc- 
on range over which tensiometers are operative 
rresponds to only about half of the available 

ture range in fine-textured soils, but in coarse- 
xtured soils the tensiometer may cover more than 
() percent of the available water range. 


Several soil scientists (72, 73) have considered 


e relationship of suction to centrifugation. It is 
{ the 


ter of some interest to consider how 
usture-retention curve ts related to the moisture- 

valent measurement that was devised by Briges 
nd McLane (1, 2 


In the moisture-equivalent centrifuge, soil 


for appraising water reten- 


|! em high are supported on an outflow 


of metal screen and filter paper and are 


in a circle of radius 15 em at such a rate 

acceleration at the center of the sample 
¥. For the ordinary case of static equilibrium 
ravity where the drainage force is | oo, the 
force is that the suction 


on for balanced 


head must increase by 1 cm for each l-cm increase 
in elevation. In the centrifuge when the drainage 
force is equivalent to 1000 g, the equilibrating suc- 
tion gradient must be 1000 cm of suction head per 
The 

from soil 
the 


centimeter distance alone the radius. boun- 


dary condition for tree outflow of water 


is zero suction. Hence. with zero suction at 


centrifuge screen and with a suction head gradient 
ot 1000, 1000 em. ea 


the 


the suction head will be 


approximately 1 atm, at the inner face of 
centrifuge column. Consequently, in the centrifuge 
sample over its l-cm height, the moisture content 
will follow the same mode of change as does the 
retention curve over the range from zero to 1 atm 
of suction. From the application of this theory t 
the curves for a number of soils (74), it was pre- 
dicted that the retentivity value that corresponds 
approximately to the moisture equivalent is th 
soils and 


Io-atm for coarse-textured 


percentage 
ranges to a somewhat higher value for fine-textured 
soils. This has been verified by comparison. tests 


for numerous soils ( // 


Relationship of Plant Growth to Soil Suction 


Slowly, over a period of time, and with occa- 
sional boosts from courageous proponents, the hy- 
pothesis has evolved that plants know what soil 
suction is—in other words, that suction is a measure 
of the readiness with which water can be absorbed 
from the soil by plant roots. Although not fully 
espoused by all agriculturalists, there 1s much evi- 
dence in the plant-soil literature (/5) supporting 
this hypothesis. For example, the curves in Fig. 4 
show the decline in erowth rate of sunflowers as 


measured by Furr and Reeve (/6) during wilting- 


M ; 

AVERAGE J TURE srTRes Nn atw 
Relationship of the green weight of guayule 
stress over the 


hic 5) 
plants to the 
mental period I 
tion H represents hieh suction 


average soil-moisture expel 


represents low suction (frequent irriga 
Infrequent irrivatiotr 
and ¢ denote 


added NaCl ‘ 


and 0.8 


© denotes no salt added: C,, ¢ 
tively, O.1, O12. and O.4 
‘ denote, respectively, Eke Us 
NaSQ), 


percent 
percent idded 


basis 


all on a drv-soil 





point determinations for a number of soils. Stem- 
elongation measurements were made on successive 
days following the final irrigation. ‘The measure- 
the plants were 


ments terminated when 


deemed to have attained what was called the first 


were 


19), Edlefsen and 


, and others have reviewed equations 


tic action. Schofield 
20 
sented experimental data relating suction 

point depression, and aqueous vapor pri 
water in soils to the partial specific fre: 


permanent wilting condition. In most cases, this Unfortunately, methods available for ¢ 


corresponded to the day on which erowth ceased. the free energy of water in soil are not 1 


When other factors are not limiting, controlled — very satisfactory state for application to | 


moisture experiments with plants in pots and drums periments. Considerable improvements ha 


seem uniformly to support the hypothesis that the made recently in methods for measuring t! 


rate of vegetative growth decreases as the soil- ing-point depression of water in soil, so 


moisture suction increases and that the rate of vege- measurement in a soil core that has subs 


undisturbed structure can now be made almost 


How- 


tative growth approaches zero as the suction rises 


into the 10- to 20-atm range. The trend of results conveniently as a moisture determination 


from field experiments is similar, but conditions are ever, the interpretation of this measuren 


much more difficult to control. often because the somewhat uncertain, because a satisfactor 


location of the root zone is less definite. dure for making the undercooling correct 


Vegetative growth comprises the harvest for some not been found. 


crops, but for seed and fruit and other products Many studies of the aqueous vapor pressure 


like lint cotton, excessive vegetative growth may be — soils have been made over the years, but this meas 


undesirable or is at least wasteful if the extra water urement is complicated by the fact that, over t 


is supplied by irrigation. Reliable information is — plant-growth-moisture range, the total chang 


being developed as new techniques make it possible the relative humidity is less than 2 percent. Isopi 


for crop-yield response to various moisture treat- tic methods commonly used in physical chemist 


ments to be expressed in terms of the suction that have adequate sensitivity and precision to cover t 


is averaged in depth over the active-root zone and, vapor-pressure range of agricultural interest 


in time, over the « ropping season (1/7 this procedure is not convenient for use in 


Irrigated soils present a special water-availability experiments. Both cryoscopic and vapor-press 


problem for plants, because the osmotic pressure of methods should be usable for relating th 


energy of soil water, or the sum of soil suction an 


the 


the soil solution in these soils is often appreciable. 
This arises from the fact that the rainfall in arid 
regions is inadequate for leaching and all irrigation 


osmotic pressure of soil solution, to 


growth. The vapor-pressure method appears 


water contains more or less soluble salt. Conse- the more straightforward as far as theory 


quently, the more general hypothesis regarding the — cerned, but its application must await the devel 


availability of soil water for absorption by plant ment of more convenient measuring methods 
roots is that the sum of the suction and the osmotic 
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in the moisture-equivalent centrifuge can 
is follows, provided that the retention curve 

p ‘ giving the moisture percentage Pw as a 
of suction § for soil with centrifuge packing 
The condition for equilibrium of the soil 











KI 
wate riven by the equation dS/d7 rwo’d, where 7 
- the radius of rotation, @ is the angular velocity, and 
a density of water. The suction § at a point in 
th column at radius 7 is found by integrating this 
au n from 7, at the outHow surface where S = 0 
h es S=w'd(r ? If =r. at the inner surface 
tl entrifuge column, then 
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imals. Titles and abstracts of papers, which can_ be 
read in absentia if necessary, should be submitted t 
Dr. Nandor Porges, 1301 E. Barringer St., Philadel 
phia 19, Pa Raymond L. ‘Taylor, Associate Admu 
trative Secretary 












Mind, Matter, and Freedom 


The author is a professor in the 
he has taught, with brief intermissions, 


of Chr ago, where 


CHARLES HAR TSHORNE 


Department of Philosophy at The 


since 19 
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HILOSOPHERS and natural scientists are 


In Our universities, two rather distinct sorts 

of human creatures. They occupy, during 
working hours, quite different buildings, often con- 
sult different libraries, and meet only casually, per- 
haps at faculty meetings or (uncommonly) at 
mealtime. Members of one group are likely to be 
either afraid or aggressively disinclined to com- 
municate intellectually with those of the other. 
(his mutual isolation (intensified, though not cre- 


ated, by “security” measures) has its disadvantages. 
Certain recent developments in science, especially 
in microphysics and biology, are strikingly paral- 
leled by some tendencies in philosophy—having 
in part different origins and motives—and the full 
intellectual and practical meaning of the scientific 
changes can, I believe, be appreciated only when 
their philosophic counterparts (not merely echoes! 
are also attended to. 

That there is less agreement in philosophy than 
in science must be admitted. Consequently, I can 
at best speak only for certain philosophers, at worst 
for myself alone. Fortunately, some scientists in- 
clined to indulge in reflections of the philosophic 
degree of generality offer a certain amount of sup- 
port to my contentions. I shall now try to indicate 
in advance something of the nature of these con- 
tentions. I shall hold that “mind” and “matter” 
are not two ultimately different sorts of entity but, 
rather, two ways of describing a reality that has 
many levels of organization. The “mind” way I 
take to be more final and inclusive, so that mv 
position is the opposite of materialism. However, I 
recognize that the material mode of description is 


that part of the complete mode which is capable 


of scientific precision and that, accordingly, mate- 
rialism, or the restriction of attention to this mode, 
is a natural bias among scientists. Much depends 
on seeing that what I have called the complete 
mode—that is, an ultimate idealism or psychicalism 

does not exclude any scientific procedure, but 
merely opens our eyes to the beyond that tends to 
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New School for Socia 
Universities of Frankfurt, German, 


1948-49, Dr. Hartshorne was preside 
American Philosophical Assoctatior 


has taught at The 


escape any save a vague, intuitive appre! 


No exacl 
spatio-temporal terms is forbidden, but ra 


analysis or observation. in phy 


are enabled consciously to experience thi 
both with all possible accuracy and with 


background (which, consciously or not, 


indefinite fe: 
. In the « nd 


invincibly 
(Wordsworth 


there anyway) of 
the “life of things” 
may actually increase the extent of our ac 

knowledge, and it is sure to increase our enjoyment 


] 


of the world, peace of mind, and understand 


bal 
ee 


ourselves. Concerning freedom, my view will | 
that, although the simplest interpretation of quar 


tum mechanics exhibits no bearing, unless an 


favorable one, of the “uncertainty principle” up 
human freedom of action, this simple interpret 
tion is not justified by careful reflection upon t 
issues, and when certain qualifications that see 
called for are added, we derive not only the bai 
possibility but the reasonableness of freedom 
humanly significant sense. 

Preliminary to discussing mind and matte: 
must consider two notions common to both, t! 
of individual and of event. We tend to conce! 
the latter as a function of the former; events 
the adventures of “things” or “persons.” Howe\ 
science now considers nature as most fundamentall 
a complex of events related together in a space- 
time system. The everyday notion that happenings 
must happen to something which (or to someo! 
who) moves about seems for current physics 
talking. Aton 


moving 


best only a convenient wav ot 


events do not literally occur to a 
called an atom; rather, by an atom we 
mean a sequence of events having a certail 
sistent atomic character, the same atomic nu 
say, and a certain continuity, or near cont! 
through space-time. On the lowest or sim| 
level, that of electronic or protonic events, it 
cording to some authorities, impossible and in 
lation of well-attested laws to interpret suc! 
the motions of self-ide: 


mentary events as 
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stance, 


ie laws allow no possible paths for such 
s and no meaning for such self-identity. 

then, if this interpretation is correct 
ill scientists accept it), no such things as 
there are only particle-like events. Each 
observation discloses a new entity, not 
entity in a new location. A simple ac- 
this revolutionarv conclusion is found in 


neer’s little book, Science and Humanism. 


Hroed 
Man\ 
notion of happenings that are not happenings 
concrete things, but are themselves the concrete 


philosophic systems cannot readily accept 


ngs in the case. But, even before quantum me- 
nies, certain philosophers had proposed to dis- 


with the notion of enduring individuals o1 


TSe¢ 


wibstances to which events occur and to take the 


ents themselves as the concrete units of reality. 
| am thinking, for example, of Hume, Peirce, and 
lames. Simultaneously with the rise of quantum 
Whitehead an elaborate 
etaphysical system completely 
could conflict 


developed 


¢( hanics, 
sub- 
the 


free from 


in any sense that with 


theorv of electronic events. 


by metaphysical system, I mean one in which the 
ttempt is made to generalize all ideas to the fullest 


ossible extent. Whereas, in science, ideas are @en- 
ralized only so far as the predictive control of 


wme class of currently known facts requires, the 


‘ting always the same through the years 
your experiences, but there is no ever-identical you 


not he 


( 


netaphysician, as I conceive him, is trying to pro- 
ide for all possible classes of facts rather than to 
edict which will be actualized. He wants to for- 
d no scientific hypotheses except those which, 
cross the line between the use and the 
that is, 
iltimate meaning, such as the meaning of fact 

\ccording to Whitehead, any possible fact 

represent an aspect of events or happenings. 


naware, 


of categories terms of most basi 


ISLISE€ 


ictual or potential. Things or persons can then be 


nly certain stabilities or coherences in the flux of 
the 
vents in the stabilities. You, for example (as some- 
are in 


Ihe stabilities are in the events. not 


vents 


vhich, from the time you were born onward, has 
ontained all your experiences. The very idea seems 
ibious, for with each new experience must there 
a shehtly different or new self? Each new 
Xperience possesses relationships to the old experi- 
neces. in the form of memory, conscious or uncon- 
what includes or really 


at each moment a new 


lous: hence, if the self is 
xperiences, there is 
tly inclusive of old experiences, not an old 
th partly new experiences. The latter may 
sald, provided that one means by the “old” 
ertain kernel of personality traits and bun- 


dle of memories, and provided also that one ad- 
mits that this kernel is contained in each new ex- 
perience, not each new experience in the kernel 
For whatever has both old and new constituents is 
itself necessarily new, since the old, say X, and the 
sav ),. make totality, XY. which 


cannot be real until Y Furthermore, there 


new, new 


up a 
is real. 
is nothing in the mere idea of an event, or even ol 


an experience, that requires it to belone to a se- 


quence repeating the same personality or chara 


ter in successive members. Accordingly, the physi- 
cist’s denial of persistent self-identity to electrons 
neec be no puzzle for philosophy. ‘To be sure, elec- 
tronic events cannot enjoy certain privileges that 
personal memory, anticipation, and the sense of 
harmony between previous purpose and _ present 
fulfillment alone can furnish. Personal identity does 
in a mannet 


this 


enable events to enrich later events 
otherwise impossible. (Really, it 7s 


jut events lacking such persistent identity 


enrich- 


ment. 
may nevertheless occur. 
in electronic events 


The absence of continuity 


that is, the spatial gaps between their successive 
occurrences—is also not especially paradoxical. We 
seem to have a partial analogy for it in everyday 
life. Consider a man in deepest sleep being carried 
through space. The man’s body is moving along, 
apparently continuously. But let us set this aside 
for the moment and think about what is sometimes 
CONSCIOUS 


falls 


or, at 


called the man’s soul or the man as a 


the time when he into 


individual. Between 
dreamless sleep and the time he awakes 


least. begins to dream—no conscious individual is 
there. Of 


vidual is there but is sleeping, meaning that a cer- 


course, we mav say, ves. such an indi- 
tain potentially conscious individual is without ac- 
tual consciousness. But so far as by a soul we mean 
an actually conscious individual or “stream of con- 
sciousness,” a sequence of experiences related by 
memory and personality traits in the manner de- 
scribed, should we not say. “No soul is there but 
only a sleeping body”? An observer would behold 
nothing the he 


awakes, refers to an earlier time, before he fell into 


else. and man’s memory, when 


dreamless sleep. 

It may be said that sleep is never for a moment 
without dreams: but is not this assertion rather ar- 
bitrarv? If souls can be born in all embrvos, they 
can be reborn every morning. The difficulty, if any. 
is no greater. What now, I ask, is the difference be- 
“the has 
in 


tween a body whence, as we say, soul 
fled.” and a “whose dreamless 
sleep”? Surely this: the soulless body lacks 


certain physical activities, such as breathing and 


body soul is 


only 
heartbeats, and can never awaken, while the still- 
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hesouled body has these activities and can and 
probably will awaken. If you say, “Well, at least, 
God might observe the soul as something present 
in the sleeping man,” one must ask, what 1s the 
sense of this, if we have no idea what sort of thing 
God would be observing. I find in my own mind 
no such notion, if “soul” means anything more than 
the probability or potentiality of certain modes of 
action and experience, embodying the man’s per- 
sonality traits and memories. However, a probabil- 
ity is not a concrete thing, all by itself. ‘he actual 
thing “moving” along is, then, the sleeping body, 
which not merely can produce certain events but 
consists, at each moment, of events actually taking 
place. If, now, we learn from physics that the body 
itself is only relatively continuous through space- 
time, so far as it consists of discrete particle-like 
events separated by minute space-time intervals, 
why should we be astonished? The soul, too—or at 
any rate the sequence of experiences—goes into 
and out of actuality, and the only reason we can 
speak of a self-identical person is that, with each 
awakening, certain modes of action, experience, 
memory, reappear. However, in very abnormal cases 
of multiple personality or psychic degeneration, 
this is much less true. The persistence of individual 
traits through a single linear sequence of events 
being thus a matter of degree, why may there not 
be events that do not belong to any such sequence, 
that is, do not constitute any individual history. 
even a discontinuous one? 

Our analogy between soul-discontinuity and elec- 
tronic discontinuity might be questioned on the 
ground that, taken as a “potentiality for certain 
types of action” the soul in a man’s moving body 
does follow a continuous (or virtually continuous) 
path through space, the path of positions at which 
he could wake up, while there is, perhaps, not even 
for the potentiality of electronic events any such 
continuous track of points. However, since the path 
of positions of the sleeping soul is derivative from 
the positions of successive clusters of particle events 
composing a human body at different times and 
places, its continuity is in any case a construct, not 
a primary datum for our thought about this prob- 
lem. 

It is interesting to consider the ancient Aristo- 
telian doctrine of “substance” as owing its self- 
identity through time and space to this, that it is 
made up of the same “matter” with the same “es- 
sential” form, though with inessential differences 
from moment to moment. Now since the sameness 
of form (for example, of a human being) is ad- 
mitted by our doctrine, the difference lies in the 
notion of “matter.” Here we point to the scientific 
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facts showing that the matter of a macr 
perceptible substance owes its identity 
time to the persistence of certain forms 
cally, rather than absolutely, persistent 

by microscopic events. Anything beyond tl! 
identity seems absolutely unknowable and jinima; 
inable when we get to the ultramicroscopi: it 
ticle level, which contains the whole of the mar 
rial of the physical world. ‘Thus, events and the 
forms, including both qualities and relationshj; 
such as similarity, causal influence, or memory 
are all the “substance” we can give any positi 


meaning to. The explanation of sameness as hot 


formal and material was in reality an explanatioy 


in terms of many levels of event-forms. 
relational forms. The “same matter’ me; 
same microscopic forms! Unless there be an endles 
regress, there is a bottom level where it no Jonge 
has a meaning to contrast persistence of form wit! 
that of matter, and where there are merely) 
related events with a certain partial repetitivencs 
of form. The only ‘stuff’ of change is finally 
process itself and its unit is an event, not a bit 
persisting substance. (In what sense there 
least quanta of process, unit-processes, we Can 
here attempt to discuss. 

Let us now turn to the question of fr 
give this term a rather common-sense meaning 
man, in a given situation and with a given past | 
tory, can, really can, do either this or that. But 
many older systems of metaphysics, and also New 
tonian science (at least in its most obvious int 
pretation), viewed causal laws as uniquely det 
mining the outcome of every situation. Given ad 
quate understanding of the conditions, the resu 
would be wholly a foregone conclusion—for 
with adequate understanding of the laws and | 
situation. Both science and philosophy have grow 
increasingly critical of this assumption during thr 
past 75 years. Today quantum mechanics strong! 
suggests, if it does not actually prove, that on t! 
basic level causality is something essentially diffe: 
ent from this classical conception. Individual even 
are at least as if genuinely random or fortuitous 
within certain limits, and cavsality is just thes 
limits to the randomness. Only when large number 
of similar events are dealt with can we have high! 
exact predictability. 

Does this new view of causality suffice to expla! 
human freedom? It does not seem so. For, 1n t! 
first place, it gives the electrons freedom, 
and in the second place, because of the enormo 
numbers of particles in the human body, 01 
in a single cell, statistical laws must rest! 


possible outcome of a given human situati 
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rowl!, indeed. But here we face a question of 
1] Do particles (shorthand for electronic- 


Ha 


yrinciph 
yotonic events) in Inorganic systems, where there 
. nothing at all closely comparable to human 
joughts and feelings, act according to the same 
.ws, precisely, as particles in systems that do in- 
Ive human experiences? Or again, do we define 
“human body” as simply a very special, complex 
ystem of particles; or as such a system somehow 


voven together with human thoughts and feelings? 


Only the latter view corresponds to the known 


facts. We do not know ourselves as just a set of 


nteracting particles: we do know ourselves as con- 
isting, in part at least, of a stream of experiences 

broken, to be sure, by sleep. What right then has 
nvone to assume that there are events in nature 
hat make no difference to certain events intimately 
sociated with them? Only by making this assump- 
ion (as Schroedinger, for example, apparently 
oes) can one infer that our human freedom is no 
more than that which the laws of quantum mechan- 


cs allow. Particles under the influence of human 
onsciousness are not necessarily just ordinary par- 
ticles. Seeminely there must be a difference, al- 
though it may be slight; and in this difference lies 
i freedom, so far as it is expressible in bodily be- 

avior. Moreover, as Nils Bohr suggests, one may 
eason by analogy: if individual events on the par- 
icle level are not rigidly determined by causal laws, 
then we should expect that on higher levels, where 
there is greater depth of individuality and conscious 
iternatives of action, individual events will be 
fully determined by their causal antecedents. 

\ human experience is a unitary individual event, 
uot a mere mosaic of events on the electronic level 
Indeed, if our experiences did not have unity, 
should we know what “unity” meant? Thus the 
physics of inorganic particles and their statistical 
regularities cannot be the whole truth about human 
behavior. True, we should assume that quantum 
physics has approximate validity in application to 
higher organisms, for only in this way will we be 
likely to find out the limits of this validity. But ab- 
ute validity is not lightly to be assumed in science 

le ultimate laws, if we can ever find them, must 
low for the difference which the presence of hu- 


ian experiences makes in certain bodies in nature, 


and this no physical law as now stated even at- 
tempts to do.* 

"Sec W. Heisenberg, Philosophic Problems of Nuclear 
Vote New York: Pantheon, 1952), last two pages 
He rg speaks of the “limited applicability” of the 


uti itical laws of atomic physics, which will have to 
idened” if they are to apply to living processes 
thought, and which we may have to “limit in 
ittac hing spec ific new conditions to them is 








But how, you may ask, could a physical law allow 
for the influence of thought upon mere material 
bodies or events? Can mind be conceived to act 


upon matter? When (for better or for worse) the 


whole face of the earth is beine modified as the 
result of human thought, it is strange to deny that 
mind acts upon matter. But we must be careful in 
using highly abstract words. Science does not re- 
veal two things in nature, ““mind” and “body.” It 
reveals rather many levels of process, from nucleat 
particles to man. Each type can be described with 
respect to physical properties—size, shape, motion, 
vibration rate, and the like. (On the lowest levels 
there are certain difficulties, or qualifications. 

But the higher levels, at least, can also be de- 


physical emotion, 


scribed in terms of aspects 
perception, memory, desire, as known to us in our- 
memory. 


selves through more or less “immediate” 


It has been said that if ordinary people had watched 
one-celled animals in action as often as they have 
dogs and horses, it would be as good common sense 
to attribute feeling and sensation to microscopic 
creatures as to the higher animals. Thus, far below 


the limits of direct vision we find the apparent 
“mind” extending downward as our knowl- 
Who can set a limit to this exten- 


seems odd, 


scale of 
edge increases. 
sion? And if “teelings of an electron” 
remember that 
odd forms on the particle level! IT think we have 


good reason to take seriously those philosophers 


“size, shape, motion” also assume 


and scientists who believe that there is no such 


thing as “mere matter,” upon which mind must 
act, or be unable to act. The ultimate understand- 
ing of nature, such thinkers hold, would be a gen- 
eralized comparative psychology that would ab- 
sorb all physics. Physics would be the behavioristi 
psychology of particle-events, atoms, and molecules, 
showing how they “respond” to their neighbors as 


“stimuli.”’ Psychology. as more than merely be- 


havioristi if such a thing be possible would 


tell us how things feel as they thus respond, what 


their (perhaps rudimentary) memories, percep 
tions, desires, and so on, are Kke. 

This may very well be far beyond our human 
powers. But if the idea makes any sense at all—-and 
to me and to others* it does make sense—then all 


talk about how human thoughts might influence, o1 
be unable to influence, mere bits of insentient mat- 
ter is beside the point And then the question, what 
difference it could make to an atom that it Is in 
the presence of human thought or emotion ts really 
fren 


Gerard 


Qoreanisin, Lhe 


1953 or R W 


* Sewall Wright, “Gene and 


an Naturalist, LXXXVII, 5 


oa WY Scope of Science, The Scientific Monthly, LXIV 
500 (1947 and W. K. Clifford, Lecture ind Essay 
Vol I] 52 | London 1879 





the question, how the presence of high-level ex- 
periences can make a difference to low-level ex- 
periences. Now it is, if I may so speak, an upside- 
down world if the trivial and low types of reality 
are simply immune to guidance by higher level 
types. It would be as if stupid people never paid 
attention to the suggestions of brighter minds, and 
children none to those of their more experienced 
parents. There would be nothing at all like hero 
worship. Superiority would have no fascination or 
The that the 
world as a whole is swayed by a supreme level of 


charm whatsoever. religious idea 
consciousness simply would be wrong in principle. 
And, on a humbler level, the fact that everything 
is as if the cells of my brain and, hence, those of 


my muscles were constantly being influenced by 


the datum of present experience seems 

nished, in part at least, by some past « 

Now this amounts to saying that past . 
influences present experience. To be awari 
thing is ipso facto to be influenced by it 
ample, remembering past pleasure is a 
sort of experience from remembering pi 
remembering a past subtle thought is stil 


sess its subtlety. ‘Thus, to explain how so 


influences an experience, we have only to exp! 


how this something comes to be an object 


tent of the experience. The answer is simp] 


objects come to be experienced just by bei: 
by being actual, and by having a characte: 
for objects of the given sort of experienc: 


perience takes advantage of this suitability 


my human thought and feeling would be a sheer — tuality, and that is all there is to it. No mechanis 


illusion. I suggest that the contrary supposition is required for experience to be enabled to lay | 


makes better sense, that superiority in principle of its appropriate objects (not too complex or 


tends to have influence, to exert guidance. Even ordered). It simply is the experience of thes 


rascally tyrants have something, a certain intensity, jects, by virtue of their natures and its nature 


or boldness; not everything about them is inferior! nothing else whatever. Thus, in memory, 


And besides, the direct power of the tyrant need — periences, since they have actually occurred 


not be very great. If a few subordinates obey him, available for experiencing, and present experien 


and these have considerable power, owing to his- enjoys them as its objects. 


torical accidents of social development, then he But, vou ask, does not the brain somehow 


D1 
may for a time sway a great society. But the basic serve the past experiences and make memory 
power relationships in nature, like the power of 


vertebrate minds (that is, 


them possible? ‘The brain has an essential influe: 
their thoughts and feel- upon human memory, this I grant, but how? | 
ings) over their bodies, cannot rest upon such acci- there any way for a thing to influence an exper 
dental and artificial arrangements. ence save by becoming one of its objects or cot 
how is influence transmitted 


from one level of experience to another? When 


You may be asking: tents? But suppose that the situation is this: pas 


human experiences are not sufficient contents | 


parental ideas act on child-minds, there is a mecha- present human experience; they must be su 


nism of this action: speech, sound waves, gestures, mented by something new. Suppose, also, that t 
hearing, and sight. But what mechanism operates function of the brain is to furnish at each momer 
between my thoughts or decisions and my brain 


cells 


he indirect. This does not mean that explanation 


the required additional content. ‘This new conte! 


of course, no mechanism. Not all action can must be harmonious with the experiences that ar 


to be remembered from the past. If, for exampl 


is impossible in this case, for not all explanation I am seeing green grass, this will inhibit. sot 


needs to be mechanical. memories and favor others, partly for re: 
But 
greenness coming from? ‘There is no scientific e\ 
that it 


I might have on green glasses and be looking 


SONS | 


We have only to consider what experience is in — esthetic harmony and discord. where. Is 


order to find a clue to the mutual influence be- 


tween the body and experience. Experience has to dence is coming directly from. the 
have a content; it is experience of something. 
Philosophers have argued about the proposition, —straw-colored grass. It is even possible to have vivi 
sensations of color with closed eyes in darkness. ! 


that 


“Perhaps all we directly experience is our own 
But 
just experiences over again, so that the proposition 


mental state at the time.” mental states are seems then color comes to us directly trot 


brain or nerve cells. Moreover, connection 
been formed between these and other cells, s 


shiehtly 


means, “Perhaps our experiences are of nothing 


except themselves.” We must reject the absurd idea — the latter are also at least activates 


that any experience can thus furnish its own sole | only such past experiences as can fit with al 


new material coming to me as data from the 


datum. A mere awareness ol that Sane AWAPETIESS 


IS nonsense. remembered 


Discarding this nonsense, let us see can be consciously. Fit 


what the data of experience can be. In memory, roughly, to help forma tolerably coherent pa 
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said that qualities, such as colors, come 

ence from cells. How can cells cause me 

ie a certain quality, save by themselves 

quality, which becomes mine as they 

nmediate content of my experience ? If 

ks. why then do we need science to tell 

cells, | remind him that grass too consists 

that, if 7t is said to be the direct object ol 

wperience, we have the same problem; the solu- 

nis that experience may be direct without being 
distinct regarding details. 

Consider the case of pain. The usual view seems 

be that the object of the experience iS just the 

in itself. One feels simply one’s own feeling o1 

nsation. But this is the view we have rejected. 

hat a state of awareness can have itself as sole 

itum. True, our direct experience seems in cer- 

1 cases to disclose only an ache or pain as ob- 

but is this pain simply our feeling of suffering? 

as we have argued, it cannot be just our feel- 

o. then what could it be but certain aching bodily 

Ils? And 

wanisms; and if living, why not sentient? When 

itense heat reaches them they undergo injury. 

hey can hardly enjoy this. If they suffer, then our 


i 


why not? Cells are living, individual 


nse of physical pain is our experience of then 


experience of injury. They are feeling the heat as 


nduly agitating their molecules and, thus, dis- 
nupting them. We are feeling their feeling of dis- 
ruption. (I cannot stop to discuss the possible role 
| pain nerves in this connection. 

[he point we have reached is that cells can in- 
uence our human experiences because they have 
feelings that we can feel. To deal with the in- 
‘uences of human experiences upon cells, one turns 
his around. We have feelings that cells can feel 
‘ince a human experience is vastly more important 
ind complex than any we can sensibly attribute to 

cell, its feeling of our human feeling must be 

ry inadequate indeed, a faint, almost infinitely 
umplified echo. But no more is required. For since 
the body thrives during deep sleep, it is plain that 
the cells are largely independent of us, receiving 
nly slight influences from our thoughts and feel- 
ngs. It is like the touch of a button that alters the 
peration of heavy machinery. The nervous system 
‘that kind of trigger mechanism. 

lhe foregoing theory, largely due to Whitehead,* 
n principle solves the mind-body problem that Du 
Bois-Reymond thought insoluble. The rest is de- 
it a blow on the head may abolish con- 
ess Is Just what might be expected from the 
this: 


Consider experience cannot go on 


suitable data; accordingly, the material 


f Thought, p. 29. 


that nerve cells furnish for our human experienc 
must be properly coordinated, to the extent that a 
coherent awareness requires a coherent object of 
the healthy waking brain furnishes as 
datum for experience a coordinated, integrated 


pattern of activity; the sleeping brain, or the 


awareness ; 


bruised brain, no longer presents the required inte- 
gration. ‘There is nothing to experience of a hu- 
manly manageable sort. 

[his is a revolutionary theory of power or in- 
Huence. It says that nothing influences experienc: 
except the things that are experienced. ‘There are 
not two grounds of possibility for an experience 
the total datum to be experienced and something 
else. ‘There is only the datum. The body itself is 
simply the main thing experienced. But because 
the sense organs echo the environment, it comes 
about that, in experiencing the bodily states, we 
gain knowledge of the world outside the body. So, 
in watching a television screen, we gain knowledge 
of what is happening miles away. The experience 
of the body is the same sort of thing, except that 
we do not primarily experience the body indirectly, 
with our eyes, as we do the screen, but rather we 
directly fee] the feelings ol bodily cells. Yet. since 
the spatial and temporal and qualitative patterns 
tend to duplicate patterns outside the body—as 
those on the screen do those on the stage where 
both feel 


that we are grasping an action not, in the first in- 


the play is being enacted—in cases we 
stance, on the screen, or in the body, but elsewhere 
And so, in a sense, we are! 

he foregoing theory of experience implies the 
reality of freedom. For, while experience is cer- 
data (which are its only 


tainly influenced by its 


conditions), it seems evident that it can never b 
wholly determined by them. A “creative synthesis” 
1S required, without which the experience would 
merely be the given data over again. It follows 
that nothing and no power, even God, decides for 
us exactly how we are to put the data together into 
our experiential reactions to them. In influencing 
us, God himself could only be the supreme datum! 
Hence, freedom in some degree is inevitable, no 
matter by what rulers, human or superhuman, we 
may be governed. To rule is to sway all by a com- 
mon influence; but something must, in each indi 
vidual case, be freely added to constitute the re- 
the 


always the imparting of certain common characters 


sponse to influence. Ruling or governing’ is 
or limits to the self-determining of the ruled o1 
governed, The citizens decide for themselves within 
the the ruler. If the 


everything, there would be no citizens and no rule 


limits set by latter decided 


The ideal rule sets those limits outside of which 





freedom would involve greater risks than oppor- 
tunities. Risks cannot be banished, for opportunity 
would go with them, both having the same root in 
freedom or self-determination. But too much free- 
dom would extend risks more than opportunities 
and too little would restrict opportunities more 
than risks. 

Freedom is an indetermination in the potentiali- 
ties for present action which are constituted by all 
the influences and stimuli, all “heredity and en- 
vironment,” all past experiences, an indetermina- 
tion removed only by the actuality (event, experi- 
ence, act) itself, and always in such a fashion that 
other acts of determination would have been pos- 
sible in view of the given total conditions up to the 
moment of the act. A free act is the resolution of 
an uncertainty inherent in the totality of the in- 
fluences to which the act is subject. The conditions 
decide what can be done and cannot: but what ts 
done is always more determinate than merely what 
can be done. The latter is a range of possibilities 
for action, not a particular act. 

It is not only in relation to other “individuals” 
that there needs to be some self-determination with 
respect to issues not prejudged by these others. In 
relation to one’s own past, also, present experience 
must freely achieve its unique synthesis of influ- 
ences. For the final units of actuality are not, as we 
have seen, things or persons but “experient-events,” 
new total acts of response to events already actual- 
ized. The final “self” having “self-determination” 
is the present unity of experience. Slavery to one’s 
character as it was in infancy or has been up to 
now is not freedom. If there is any freedom it is 
ultimately in the present, for and by the present, 
and the whole past world is the set of conditions 
or data for the act, with one’s own past being in- 
cluded essentially in the same way as other condi- 
tions, except for its greater relevance, in most re- 
spects and cases. 

It is really tautology to say that experience is 
incompletely determined by its stimuli, its condi- 
tions. For an experience has a unity not in the 
stimuli, and this must be created: it can be only 
an emergent synthesis, however trivial in its nov- 
elty. Thus, nothing can while 
they exist, from having some degree of freedom 


prevent persons, 
Nevertheless, human laws and actions can eithe: 
favor or hamper the optimal development of free- 
dom, can influence the extent to which the major- 
itv of men may achieve the fullness of their human 
privilege. Although self-determination, in at least 


some sheht degree, must (if our view js nd 


a property of all events vet only where ther, 

consciousness of ideas and ideals does s: 

of decision have the radical importance: 

or evil that we feel it to have in our ow; 
With respect to this power, underestin, 

delusive exaggeration are alike harmful.* 

is indeed an open horizon, and each of 

the world something that no wisdom co 

wholly foreseen. This creating, this decidi: 


otherwise undecided, this forming of th: 


ously inchoate, is our dignity, by which, as B 


son beautifully says, each of us is an artist w! 
product is life or experience itself. Yet the ca 
momentum is great: and to make very much of ; 
freedom calls for skillful strategy and tactics 
vain to say, “Go to, I will now be a different ) 
son, brave where I was cowardly, kind and pat 
where I was harsh and irritable.” or even, “| 
now be good or excellent in a new direction. 
ner, or degree.” One must empioy every suit 
indirect means: writing down a new scheduk 
too ambitious at first), beginning to read a 
sort of book, seeking out new and better fi 
discussing plans with trusted intimates, trvinge t 
secure a new and more suitable job, in extre: 
cases consulting a psychiatrist or other co 

In the foregoing list, some would include pravel 
not the least item. 

Man’s very fate depends in part upon his 
quate recognition of his lowly status as only a 
more than an unconscious (although complicate 
bit of causal driftwood, but also of the precious 
ness and glory of that slight surplus. The caus 
drift itself is merely the mass of data formed | 
acts of freedom already enacted on various level 


human, subhuman, and perhaps  superh 


Causality is crystallized freedom, freedom is ca 
ity in the making. There is always freedom 
there is always novelty. There is always causalii 
for always freedom has already been exercised, ai 


a decision once made can only be accepted, 
cannot be remade. Past decisions made with at | 
minimal freedom furnish the only content of 
acts of emergent synthesis. Reality is sheer creatio! 
but present creation adds only its little mite to | 


organic totality ot data already accumulated 


idea of freedom, s 


(New York 


* On the abuses of the 
Coutu, Emergent Human Nature. 
1949.) In conversation, Professor Coutu 
there is a case for freedom as a ‘“‘continuous 
present in varying but, in general, small degret 


conces 
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Before joining the faculty at Ohio University in 1927, Dr. Lehman taught psy- 


chology in Minnesota and Kansas 
with the chronological ages at which men become leaders in art. 
Man\ of the é 


religion, etc. 


REVIOUS STUDIES have shown that the 


mean age at which outstanding creative 


thinkers have done their best (or almost 
work is not a fixed entity in the sense 
that it remains unchanged under any and all cir- 
imstances. On the contrary, mean age at time of 


century 


their best 


chievement varies with such factors as 
{ birth, the age at which the creative workers start 
their careers, the quality of the output under con- 
ideration, the type of creative output, and perhaps 
of other variables.’ The present study 


time ol 


numbet 
eals not primarily with mean age at 


hievement but with creative production rate. 


[his term will be explained by means of an illus- 


Figure | presents, by 5-year intervals, the chrono- 
wical ages at which 61 Russians (now deceased 
made 150 significant contributions to science and 
mathematics, an average of 2.36 contributions per 
The which 


his information was obtained are listed in the refer- 


ndividual contributor. sources from 


ences and bibliography. Since most of these source 
woks list few, if any, important contributions made 
Russians, to obtain the statistical distribution 
employed for the construction of Fig. 1, it was nec- 
‘sary to use all the appended references and bib- 
phy in which information was available. 
idving Fig. 1, it should be borne in mind 
sets forth the average number of contribu- 
er 5-year interval. Full and adequate allow- 
thus made for the larger number of youth- 
kers. This statement applies to all the age- 


resented herein. 


He has published several studies which deal 
clence, wal 
book Age and 


tudties hai e been assemble d in hi 


Achievement 


For example, it was found that, for the 5-year 
interval from 30 to 34 inclusive, the Russians made 
* This was slightly more than 
0.0998 

that 
FRY oe 


31.33 contributions. 
average of contribution pet 


The 


made 


an annual 


individual. Russians remained alive at 


65 to 69 
was slightly more than 0.015 contribution per liv- 


only contributions, which 
ing contributor. Figure 1 is drawn so as to be only 
0.015/0.0998 as high at 65 to 69 as it is at 30 to 34 
‘The curve is drawn in this manner in order to show 
graphically that the average number of contribu- 
that is, their creative pro- 
0.015 /0.0998 


65 to 69 as it was at 30 to 34. 


tions per living Russian 
duction rate—was only as large at 
If. regardless of the number that remained alive 
had the 
average rate as did the vounger ones, Fig. | would 
at the 


younger age levels. Actually, Fig. 1 exhibits a very 


the older Russians contributed at same 


remain as high at the older age levels as 


noticeable and consistent decrement at the upper- 
most age levels, thus indicating that the Russian 
contributors became progressively less productive at 
the older age levels. 

One other point should be mentioned with ref 
Fig. | 
this figure, the peak of the statistical distribution 
100 


erence to how was made. In constructing 


was arbitrarily assigned a value of percent, 


and the other averages within this statistical distri- 
bution were then assioned proportionate percent 
age values. For example, the peak of the distribu- 


* When a contribution was made over a period of 
several years, fractional credit was allotted to each 5-vear 


interval 

















Age versus creative production rate for 
Russians only, in science and mathematics 


tion pictured in Fig. | occurred at ages 30 to 34. 
This modal value was taken to be 100 percent, and 
the remaining frequencies were then computed and 
plotted as percentages of this modal value. 

The work of the genius in his old age may still 
be far superior to the best work that the average 
man is able to do in his prime. Therefore, for the 
study of age differences in creativity, it is not valid 
merely to compare the achievements of the aged 


genius with the more youthful accomplishments of 


the average person. If one wishes to ascertain when 
men of genius have done their very best work, it is 
necessary to make a longitudinal study—that is, to 
compare the earlier works of men of genius with 
their own later works. In the present study, this 
has been done both for Russians and for several 
other national groups. 

It should be noted that in no instance have | 
assumed personal responsibility for identifying the 
most important works of renowned thinkers. De- 
pendence has been placed always upon the ap- 


praisals of specialists within the various fields of 


endeavor. These specialists have compiled and pub- 
lished chronologies of great achievements. not for 
the purpose for which they are used here, but rathe1 
for the use of specialists in the several fields of en- 
deavor. Since these chronologies were prepared 
without any special interest in the ages at which 
the achievers did their important work, it seems 
obvious that the compilers have exhibited no par- 
ticular prejudice with reference to the age factor. 

In order to reveal its similarity to certain othe 
age curves, Fig. 1 is reproduced as a very faint 
broken line in Figs. 2 to 7 inclusive. 

In Fig. 2, the solid line presents the creative pro- 
duction rate for Englishmen only. In order to con- 
struct this solid line of Fig. 2, statistical distributions 
similar to the distribution used for the construc- 
tion of Fig. 1 were first made. These 11 distri- 
butions were based upon findings obtained from 
the following sources: Doig? (astronomy): Hil- 
ditch® (chemistry); Bell* (mathematics) ; Cajori5 


mathematics); Kelly® (contributions t 
by deceased workers); Kelly® (contri 
medicine by men listed by Kelly as still a 
time his book was published) ; Castiglior 
cine); Garrison® (medicine): Scheel? 
Franklin’? (physiology) ; and finally, a di 
that included all contributions to physics 
Englishmen as found in the appended sou: 
than Scheel.’ In preparing this last-menti 
tribution, the data from several physics « 
cies were thrown together in order to } 
reasonably large number of cases. 

With two exceptions, the peak values o 
distributions, which included the contril 
made only by Englishmen, occur during 
ties. ‘he exceptions are (1) the contributi 
astronomy as listed by Doig.? where the peak 
duction rate occurs at age 40 to 44, and 
contributions to physics as found in source 
than Scheel.® In this latter distribution. 


production rate occurs at ages 25 to 29. 


The solid line of Fig. 2 was made by employ 


at each age interval the median percentag 
of the 11 aforementioned statistical distribu 
The median, instead of the mean, value w: 
here for the following reason. Since the 


study is concerned with achievement ot 


highest merit, rather than with mere quantit 


output, a studied effort was made to select c! 


nologies that contain only very select and, hen 


necessity, small numbers of accomplishments wit 


each separate field of endeavor. Nevertheless 


spite careful effort to study source books that 


clude only small numbers of achievements. so 


of the chronologies include many more acl 
ments than do others. For example, Kelly 


t 


more than a third of the total number of contri! 


tions made by Englishmen only. Hence, if th 


} 


dian value had not been employed, Kelly’s cho 


of important medical contributions might 


} 


had an undue influence in determining the s! 


of the solid line of Fig. 2. It was desired ti 











Fic. 2. Solid line: age versus creative proc 
rate for Englishmen only, in science and math: 
Broken line, same as Fig. | 
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come, because, as has been shown else- 
n less select creative works are included, 
il production rate is likely to shift to 
der age level or to a younger age level, 
{ten to an older one. 
when the median percentage values of 
itistical distributions described here were 
the solid line of Fig. 2 was obtained. 
that the 
the Russians in that they became pro- 


re suggests Enelwh were very 


ively less productive at the older age levels. 
rue that the English attained their peak pro- 
ion rate 5 years later than did the Russians 
s. at ages 35 to 39 instead of at ages 50 to 34 
t the difference in the production rates of the 
ssians at ages 30 to 34 and at ages 35 to 39 is 
bably not statistically significant. 
[he solid line of Fig. 3, which pictures the crea- 
work of Frenchmen only, was constructed in 
e same way as was the solid line of Fig. 2, except 
t it is based upon 9 instead of 11 distributions. 
sources were as follows: Doig? (astron- 
Hilditch® (chemistry Bell! 
mathematics) ; Kelly® (contributions 
: Kelly® 


men still alive at 


mathemat- 

( ajor1” 
medicine by deceased men contribu- 
ns to medicine by the time 
ells Encyclopedia was published Castighoni' 
: Scheel" 
finally, a dis- 


iedicine ) ; Garrison * (medicine phys- 


and 


; Franklin'® (physiology) ; 


ution that included all contributions made to 
ysics by Frenchmen as found in the appended 
ice books other than Scheel.” 

For the French, as for the English, the maximal 
duction rate occurs, with two exceptions only, 
ring the thirties. The two exceptions are the 
tributions to medicine by deceased Frenchmen 
in Kelly’s Encyclopedia, which occur at 
peak rate at ages 40 to 44, and the contributions 
to physics as listed by Scheel. The peak rate for the 


: listed 


itter distribution occurs at ages 45 to 49. 
lhe solid line of Fig. 4 presents a curve for con- 


tions made by Italians only and is based upon 














Solid line: ave 
hrenchmen 


versus Creative production 


only, in science and mathematics 


ne, same as Fig. 1. 
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produc tion 


Broken 


Fic. 4 Solid line: age 
rate for Italians only, in science and mathematics 


versus creative 


line, same as Fig. | 


mathematics 
Cas- 
and 


follows: Bell! 
Kelly' 


Garrison® 


6 distributions as 


Cajori’ (mathematics medicine 


medicine medicine 


physics). Although the Italians exhibit a 


tiglioni’ 
Scheel? 
relatively high production rate at ages 45 to 49, 
this finding is probably not of particular signifi- 
as nationality is concerned. It has 


cance insofar 


been shown previously’ that age curves that set 
forth the creative contributions of men born prior 
to about the year a.p. 1775 tend to fall off more 
slowly than do curves that picture the contributions 
of men born more recently. Since a larger propor- 
the the 
groups were born prio. to 1775: 


1D to 


other national 
their relatively 
19 mav reflect 
the fact 
creative work 


the 


tion of Italians than of 
high production rate at ages 
not a true national difference but rather 
that many of the Italians did ther 
during earlier centuries than did other na- 
tionals 

In Fig. 
Germans only, namely, 13 groups of Germans ob- 
tained from the following sources: Doig 
Hilditch chemistry Bell* 
mathematics) ; Kelly® (contributions 
- Kelly® 
men Castiglioni 
: Scheel’ 


botany 


5. the solid line presents age data fo 


astron- 
omy mathemat- 
ics) : Cajori5 
contribu- 


to medicine by deceased men 


tions to medicine by living 


medicine) ; Garrison® (medicine 
ics); Franklin’? (physiology 
Fliigel.’® and Hulin’™ 


a final distribution that included all contributions 


phys- 
Reed"! 


; and 


Dennis,! psychology 
to physics by Germans as found in sources other 
than Scheel.’ For psychology, the data from thre 
different books were thrown together to obtain a 


sufficient number of cases to make a reasonably 
large distribution. 

For the 15 groups of Germans the maximal pro- 
duction rates occur in the thirties with one excep 
tion only, namely, for physics as listed Im SOoUTCeS 
than Scheel.’ For 

AS) 


maximal production rate occurs at ages 25 to 2 


other this latter distribution the 


Phe solid line of Fig. 6 presents information re 
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Solid line: age versus creative production rate 
and mathematics. Broken 


Fic. 5. 
for Germans only, in 
line, same as Fig. 1. 


science 


garding 17 groups of creative thinkers from the 
U.S.A. only. These 17 groups include the follow- 
ing: Doig® (astronomy): Bell and Cajori’ (com- 
bined data for mathematics) ; Kelly® (contributions 
to medicine by deceased men); Kelly® (contribu- 
living men): Castiglioni' 
contributions to medicine by 


tions to medicine by 


medicine ) : Garrison* 


deceased men): Garrison® (contributions to medi- 
Dennis,’” 


Hall,’° 


(combined data 


cine by living men): Reed" (botany 
Fligel.’’ and  Hulin"™ psychology 
Mather and Mason,'* and Magie! 
for contributions to animal bioiogy, to geology, and 
Weeks’* and Hilditch 


chemistry anonymous’® 


to physics (combined 


data for electronics) : 
Essig*” (contributions to entomology by deceased 


men) ; Essig*® (contributions to entomology by liv- 


ing men) : Cook*! (genetics) : combined data from 


references 10, 22, 23, 24, 25, 26, 27, and 28 (contri- 


butions to medicine and related fields) ; and finally 
combined data from all available sources, includ- 
ing Scheel,” for contributions to physics. 

Because of the select nature of the source books 
employed, it often was necessary to combine data 
from several of them in order to obtain adequate 
numbers of contributions made by Americans only. 
And in several instances it was necessary to use the 
contributions of both living and deceased persons 
in order to obtain significantly large numbers of 
really first-rate contributions. 

For the 17 groups of creative thinkers from the 
U.S.A. the maximal production rates occur during 
the thirties, with the sole exception of the data for 
deceased contributors to medicine found in Kelly’s 
Encyclopedia.® For this latter group the maximal 
10) to 44. 

It is, of course, conceivable that, whereas Ameri- 


production rate occurs at ages 


cans may have usually contributed at a maximal 
rate to mest other fields of endeavor during thei 
thirties, the field of medicine may be unique. Amer- 


icans may have made their greatest contributions 


at a maximal rate to medicine not durine then 


524 


thirties but during their forties, as is sy 

the Kelly data. However, according to t| 

chronologies compiled by F. H. Garriso: 
A. Castiglioni, Americans have attained t! 
mal production rate to medicine also d 

thirties. 

The solid line of Fig. 6 stronely suggest 
science and mathematics, Americans hay 
achieved their maximal production rate {o; 
of highest quality during their thirties rather 
during their forties. This conclusion is corroborated 
by the fact that when data from 38 source 
listed in the references and bibliography were 
bined (excluding data from Kelly’s Encyclo ped 
both the living and also the deceased America) 
who were born from A.p. 1775 to 1850 were found 
to have achieved their maximal production 
ages 30 to 34. 

Why, then, should the maximal production ra 
for the Americans listed in Kelly’s Ene hed 
occur at ages 40 to 44, whereas the collective 
from 38 other source books reveal a maximal p. 
duction rate for Americans in the age rane 


30 to 34? For the following reason, it is my beti 


that the contributions by Americans listed by Kell 


may be of somewhat less average merit than 
contributions listed in most of the 38 other books 
It seems to be a general rule that men who prepa 
lists of outstanding accomplishments tend to a 
credit rather generously to their own fellow-co 
trymen and to ignore entirely the equally me: 


t} 


torious achievements of the nationals from o 


lands. This perhaps unwitting bias may be du 


part to the fact that most compilers of chronolos 
of great events are likely to be better acqualin 
with and also better able to appreciate what 

have done. If this very hun 


own countrymen 


and very understandable tendency influenc 


Kelly while compiling his Encyclopedia, this al 
would suffice to account for the fact that fo 


deceased Americans the maximal production 
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at ages 40 to 44. This conclusion is based 
that age curves that picture very su- 
oor creative achievements tend to fall off earlier 
han do curves that set forth creative output of 
oss average merit.? 

In Fig. 7, the solid line 
by the nationals of 14 countries as follows: 
\ystria, Belgium, Canada, Czechoslovakia, Den- 
yark, Holland, Hungary, Ireland, Japan, Norway, 
Switzerland. ‘To 

a separate sta- 


reveals contributions 


Poland, Scotland, Sweden, and 

struct the solid line of Fig. 7, 
was first made for 
hese countries. To obtain these 14 distributions, 
‘ta were assembled from all 39 source books listed 


the references and bibliography. For the smallest 


each of 


tries, it Was necessary to use the contributions 
‘both living and deceased men in order to obtain 


wficient numbers of cases. 


For the 14 aforementioned countries, the maxi- 


al production rate occurs prior to age 30 for one 


soup only, Scotland, and it occurs subsequent to 


1) for two groups only, Belgium and Ireland. 


However, when the contributions listed in Kelly’s 


lopedia® are excluded from the computation, 
peak production rates for both Belgium and 


Ireland fall at ages 30 to 34 inclusive. Since few 


xceptions to the general rule occur and since these 
xceptions tend to disappear when the data are 
ited differently, these apparent exceptions are 
obably merely the result of chance factors rathe1 
an the result of any genuine national difference 
the ages at which maximal production rate 
Clearly, if in the U.S.A. desire to use out 
reative manpower to best advantage and, thus, to 


we 


oid wastage of our most precious human mate- 
il, we should find out all that we possibly can 
bout the conditions that creative 
uevement of a high order. If, for example, it 


Ol\ e rise to 


vere found that the eminent creative thinkers of 


few countries, or even of only one country, 
ave displayed more creative stamina than have 
eminent thinkers of other countries, it might 


then be possible by means of careful follow-up 
dies to obtain some hint on how this very en- 
ible state of affairs was brought about. 


n making this study, curves were drawn for the 
ious national groups setting forth age differences 
ll creative production rate. In this article, it has 
n possible to present all the graphs or the 
‘ata !rom which they were made. Therefore, gen- 
ige curves have been presented. ‘These 


pict lor several national groups their creative 
prod m rate in the various sciences and in 
it tics. On the whole it may be said that, 
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Fic. 7. Solid line: age versus creative production 
rate in science and mathematics for the nationals of 14 
different countries other than Russia, England, France, 
Italy, Germany, and the U.S.A. Broken line, same as 


Fig. 1 


for as recent a date as can be studied effectively, 
such age differences as exist are minor ones and 
that the decrement in creative production rate sub- 
sequent to ages 30 to 39 is about as rapid in on 
country as in any other. 

These data do not mean that older men, as com- 
pared with persons of ages 30 to 39, are intellec- 
tually less competent to do creative work of a high 
order. Undoubtedly, multiple causation operates 
to produce momentous discoveries, and no discov- 
ered contributing condition is likely to be of itself 
Whatever the 
that the 


a sufficient or necessary cause. 


causes of growth and decline, it is clear 
genius does not function equally well throughout 
the vears of adulthood. 

References 
1. LEHMAN, H. C. Age and Achievement. Princeton, 
N.J.: Princeton Univ. Press, 1953 
2. Doic, P. A Concise History of Astronom) 
Chapman & Hali, 1950. 
}§. Hizpircu, T. P. A Concise 
New York: D. Van Nostrand Co., 


London 


History of Chen tr) 


191] 


} BELL, mB. L.a me Development of Mathemati New 
York: McGraw-Hill Book Co., 1940 

5. Cajyort, F. A History of Mathematics. New York 
The Macmillan Co., 1922 

6. Ketty, E. C. Encyclopedia of Medical Source 
Baltimore: The Williams & Wilkins Co., 1948 

7. CASTIGLIONI, A. A History of Medicine. New York 
Alfred A. Knopf, 1941 

8. GARRISON, F. H. An Introduction to the Htstor, 


Saunders Co., 1929 


Philadelphia: W. B 2 
Berlin 


of Medicine 


9. SCHEEL, K. Geschichte der Phystk. Vol. 1 
J. Springer, 1926. 
10. FRANKLIN, K. J. A Short History of Phystolog 


New York: Staples Press, 1949 
1] REED, H Ss { Short Histor} of the Plant Science 
Waltham, Mass.: Chronica Botanica Co., 194 
12. Dennis, W. Readings in the History of Psych 
1948 


New York: Appleton-Century-Crofts, 

13. FLUGEL, a C. A Hundred Years of Psychology) New 
York: The Maemillan Co., 1934 

14 HUuULIN W S. A Short Histor) of Psycholog New 
York: Henry Holt & Co., 1934 

15. Haut, T. S. A Source Book in Animal Biology. New 
York McGraw-Hill Book Co., 1951 

16. Matruer, K. F. and S. L. Mason. A Source B 
in Ceolog) New York: McGraw-Hill Book Co... 1939 








17. Maciz, W. F. A Source Book in Physics. New York: 28. Morrey, C. B. The Fundamentals of B 
McGraw-Hill Book Co., 1935 Philadelphia: Lea & Feibiger, 1923. 
18. Weexs, Mary E. Discovery of the Elements. Easton, a 
Pa.: Journal of Chemical Education, 1945. Bibliography 
19. A Chronological History of Electrical Development 1. Browne, C. A. A Source Book of Agricult 
from 600 .c. New York: National Electrical Manu- istry. Waltham, Mass.: McGraw-Hill Book ( 
facturers Assn., 1946. 2. Cuase, C. T. A History of Experimenta 
20. Essie, E. O. A History of Entomology. New York: New York: D. Van Nostrand Co., 1932, 
The Macmillan Co., 1931. 3. Crew, H. The Rise of Modern Physics 
21. Coox, R. C. “A Chronology of Genetics,” Yearbook The Williams & Wilkins Co., 1935. 
of Agriculture, Washington: U.S. Dept. of Agriculture, +. Foster, Sir M. Lectures on the History of | 
1937. Cambridge: Oxford Univ. Press, 1901. 
22. Burke, R. M. A Historical Chronology of Tubercu- 5. Mivukan, R. A., D. Rozier, and E. GC. Warso 
losis. Springfield, Ill.: Charles C. Thomas, 1938. Mechanics, Molecular Physics, Heat and Sound. Bosto, 
23. Futton, J. F. Selected Readings in the History of Ginn & Co., 1937. 
Physiology. Springfield, Ill.: Charles C. ‘Thomas, 1930. 6. Suaptey, H. and H. E. Howartnu. A Source B 
24. JAMESON, E. M. Gynecology and Obstetrics. New in Astronomy. New York: McGraw-Hill Book ( 
York: Paul B. Hoeber, Medical Book Department of 1929. 
Harper & Bros., 1936. 7. Smitu, D. E. A Source Book in Mathemati 
25. KRUMBHAAR, E. B. Clio Medica: A Series of Primers York: McGraw-Hill Book Co.. 1929. 
on the History of Medicine. XIX Pathology. New 8. Stitt, G. F. The History of Paediatrics. Londo 
York: Paul B. Hoeber, Medical Book Department of Oxford Univ. Press, 1931. 
Harper & Bros., 1937. 9. WATERFIELD, R. L. A Hundred Years of Astror 
26. Lone, E. R., Ed. Selected Readings in Patholog) London: Gerald Duckworth & Co., 1938 
from Hippocrates to Virchow. Springfield, Ill.: Charles 10. Witson, W. A Hundred Years of Physics 
C. Thomas, 1929. Gerald Duckworth & Co., 1950. 
27. Major, R. H. Classical Descriptions of Disease. 11. Zinsser, H. Rats, Lice, and History. Bostor 
Springfield, Ill.: Charles C. Thomas, 1932. lantic Monthly Press, 1935 


SW 


Scientific research is conducted largely behind closed doors, and the accuracy of 
any man’s observations and the veracity of his reports depend ultimately upon his 
honesty. This honesty depends in turn upon maturity, upon some degree of security, 
and upon a sense of identification and fellowship with competitors. Under present 
conditions it is a tribute to scientists that violations of their code of honor are so rare 
that when lapses occur they become historic scandals. This issue is especially delicate 
in such fields of science as psychology, psychiatry, and psychoanalysis, in which it is 
difficult to repeat another man’s observations for purposes of objective clinical or ex 
perimental or statistical confirmation. Consequently in these disciplines, reports of 
observations become themselves sources of controversy and suspicion. For many reasons 
I suspect (although I cannot prove this) that we may be seeing today the birth of a 
new psychosocial ailment among scientists, one which may not be wholly unrelated to 
the gangster tradition of dead-end kids. 

Are we witnessing the development of a generation of hardened, cynical, amoral, 
embittered, disillusioned, young scientists? If so, for the present the fashioning of im- 
plements of destruction offers a convenient outlet for their destructive feelings; but 
the fault will be ours and not theirs if this tendency should increase through the 
coming years and should find even more disastrous channels of expression 

Certainly the idyllic picture of the innocent, childlike scientist who lives a life of 
simple, secure, peaceful, dignified contemplation has become an unreal fantasy. In 
stead, the emotional stresses of his career have increased to a point where only men 
of exceptional emotional maturity and stability can stand up to them for long, and 
remain clear-headed and generous-hearted under such psychologically unhygienic con- 
ditions. Thoughtful educators are beginning to realize that the socio-economic basis of 
the life of the scientist must be entirely overhauled; that the psychological setting of 
his life needs drastic revision; and that at the same time the emotional preparation 
for a life of research is at least as important as is the intellectual training Lawrence 
S. Kubie, “Some Unsolved Problems of the Scientific Career,’ Am. Scientist 42, 112 
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i vapons in Land Combat. G. C. Reinhardt and 
2. Kintner. Harrisburg, Pa.: Military Service 
blishing Co., 1953, 182 pp. + 24 Figs. $3.95. 
ltimor, HIS book is important principally because it is the 
its kind. The authors have recently been 


ystol fi ; 
ryctors in atomic warfare at the Command and Gen- 
Staff College of the U.S. Army. Their book na 


reflects the heated discusisons and questions to 
stafl 


\V ATSO\ 
Bostoy 


ted from the able othcers of a 


ng a time when technical developments in 


young 


ons for the land battlefield still are changing 

in new tactical doctrines can be developed and 
consequence, both the lay reader and_ the 

likely to that the book 

stions than it answers on the detailed roles of atomic 


find raises more 


ipons in land warfare, and some of the discussions 
use and generalized. 
of the more important achievements of the 
rs is that they succeed in showing that regardless 
of secrecy, which necessarily shrouds the 
r mechanisms of the weapons themselves, the im- 
tof atomic weapons upon tactics in battle is no more 
sterious than the technics of employing armor or 
tillery, The basic principles of atomic warfare can be 
vht to our Allies as readily as to our own officers and 
liers without violating the spirit or letter of the 
Energy Act. 
Most important of all, Reinhardt and Kintner show 
despite constantly increasing supplies of atomic 
pons, the need for adequate ground forces is still as 
ever. If a ground force is too weak to hold 
ust a conventional attack, then neither can it compel 
nemy to concentrate enough forces to offer an atomi 
yp target. “The United States and its Allies will still 
ed many divisions, backed by adequate tactical air 
(he power of nuclear fission can make it un- 
for an aggressor to mass his armies, but it can- 
The lay 


itself win decisive victories” (p. 55 
ider will find this book sufficiently elementary, but 
and stimulating in its discussion of some of the 

nt public questions on atomic energy and _ its 

itional defense. 
H. RUMBAUGH 
ms Research O fice 
Hopkins University 


nd Energy. H. S. W. Massey. London: Elek 
New York: British Book Centre, 1953. 171 pp 


» little book is not for the professional physicist, 
it is for everybody else. It is for the political 
for the senior high school student, for the 

ts student, and for any alert person who wishes 


formed about the scientific background of the 


most urgent problem that faces all the various nations 
and their people. Nuclear energy has quickly established 
itself as the most potent underlying force in international 
relations, and it is due to have increasing implications 
in the development of our culture and in the conduct 
will have to be 


of our daily lives. Knowing about it 


recognized as a part of basic education, and this book 


might well be a liberal arts textbook. 

Actually, Professor Massey takes a more general ap 
proach than might be implied above, in his discussion 
of nuclear energy and its impact upon human affairs 
Nuclear weapons are made to take their place besick 
for example, sunlight, which is also energy of nuclear 
origin. The book starts by describing protons, neutrons, 
constituents which in then 


and electrons as the basic 


varied combinations and arrangements make up all the 
matter around us. These particles are discussed with 
special attention to the strengths of the forces that act 
between them, and to the amounts of energy that ar 
required to separate certain arrangements, or that ar 
released upon certain other rearrangements. The ener- 
gies concerned with the rearrangement of neutrons and 
protons in nuclei are contrasted with those involved in 
encountered in ordi 


the interatomic rearrangements 


nary chemical reactions. Thus the way is paved for 
describing the nuclear chain reaction as parallel to an 
ordinary fire; the main differences are, first, that neu 
trons replace thermal motion as the propagating agent, 
and, second, that the energies involved in each individ 
ual event are twenty million times bigger. The details of 
the uranium chain reaction are then described, together 
with plutonium production and the breeding of nuclear 
fuel, and there is a fine section on the nuclear burning 
of hydrogen into helium in the stars. 

Che discussion of nuclear weapons is highlighted by 
a description of the efforts toward international control 
In describing the deadlock in the atomic energy deliber- 
ations of the United Nations, the author takes a view 


‘The 


negotiations were characterized by the complete rigidity 


point detached enough to permit him to say, 


of both sides. [he need for a foolproof inspection 
system is made evident and the high technical qualifica 
tions required of the inspectors is stressed. Without these 
it is evident that it would be very hard for any one na 
tion to be assured that a possible opponent is not en 
gaged in clandestine manufacture of weapon material 

The book would perhaps have greater social impact 
if it ended with this alarming picture of men fumbling 
about in the tremendous presence of the hydrogen bomb 
However, Professor Massey cannot refrain from adding a 
Sensitive 


last chapter. Here we catch a glimpse of the 


physicist, alive to the beauties of his trade. The story is 


told of how the positive electron emerged from being 
| 


unreal theory to become 


l hen the 


theoretically—the first 


the figment of a fantastically 


a matter of everyday laboratory observation. 


ones 


mesons, dreamed up first 


observed were not the right ones the Sec ond ones filled 





the bill, in part at least. Finally the elusive neutrino and 
the new particles, and the mystery of how all these 
“fundamental” entities can fit into a picture that hangs 
together and makes sense. 

[he book is not without a few imperfections. Promi- 
108 that 


tritium is made in nuclear reactors by the capture of 


nent among them is the statement on page 
neutrons on hydrogen to yield deuterium, followed by 
another capture to yield tritium. Actually, the favorable 
properties of lithium for tritium manufacture are as 
well known as are the unfavorable properties of deute- 


The that “No 


Process & os OCCUTS in 


rium, statement on page 80, similar 


nonfission capture of neutrons 
uranium needs qualification 


thie lighter Isotope ot 


On page 77 the word “Geiger” should be deleted in de- 
S< ribing the boron trifluoride counter, and on page 59 
Dr. Van de Graaff’s name is misspelled. On page 102 
some arithmetk 0.14 divided by 


0.007 does not equal 50! On page 120 the half-life of 


needs tidying up 


tritium is given as “many” years; why not say twelve? 
Finally, I searched in vain for the frontispiece promised 


at the head of the table of contents. 

The treatment of the subject is elementary, some- 
times consciously so, but the prose is lucid in the ex- 
treme and moves forward at a good pace, with prac- 
tically no back-tracking or exception-taking. Objectivity 
and factual accuracy give the book a telling strength. 
It is a pleasure to read, and the story it tells so com- 
pletely and artistically is part of man’s culture. 

ARTHUR H. SNELI 
Physics Division 
Oak Ridge National Laborator 


G. Barter. New York: Philo- 


131 pp. $4.75. 


Relativity and Reality. ¥F. 
sophical Library, 1953. xi 


HIS book is not a criticism of the mathematical 

theory of relativity but it is an attempt to explain 
and evaluate the anomalies of the theory which are 
“inconsistent with our sense of physical reality.” Many 
commentators on relativity make assertions as to the 
ultimate reality of the physical world. The author views 
these interpretations with a critical eye and by quotations 
from an array of eminent authorities makes the differ- 
ence in points of view striking, with the consequence 
that the reader feel that he should withhold 
judgment on the theory until there is greater unanimity 
of opinion. Granting that the mathematical theory pre- 


may 


dicts phenomena outside the range of classical physics, 
Barter’s remarks still leave the strong impression that 
the philosopical foundations are obscure, a feeling that 
is fostered by the omission of mathematical details. 

It is never clear just what audience the author has 
in mind, except for the publisher's comment on the 
jacket that the book is intended for those “familiar with 
the problems of relativity physics.” Because precise 
philosophical criticism of this sort cannot avoid refer- 
ence to the mathematical symbolism, clarity would be 
enhanced by assuming greater mathematical competence 


on the part of the reader. 


$28 





Iwo aspects of relativity that receive S] 
tion may be mentioned here. ‘They are the 
tween mathematical models and the real 
paradoxes arising from the symmetric slowin 
in two relatively moving systems. With rec 
former, the author follows conventional lines 
out clearly that differences of temperament 
for one person ascribing “reality” to what 
gards as but a “convenient description.” \\ 
to the latter the reader is left in a state o 
judgment, and in these sections in particular o 
what class of readers the author had in m 

In spite of these critical remarks and. th 
the book those tan 


the theory will find it provecative and may | 


must be read with care, 
selves forced to reexamine their views of the 
M. | 
Department of Mathematics 
Purdue University 
Statistical Methods in Experimentation: An Int) 
tion. Oliver L. Lacey. New York: Macmillar 
xi + 249 pp. Illus. $4.50. 


HIS is one book of a continuous series of 
tical textbooks coming off the presses ot publ 
houses, for which apparently they are finding 
market. It is somewhat smaller in size and 
than the average. In simple declarative senten 
presents the thesis that the essence of experimentat 
is to provide a set of observations on which on 
perform a statistical test of significance. The fact t 
experiments which have revolutionized our concept 
the physical world as well as of human lifé 
fission of uranium by bomba 


planet (such as the 


ment with neutrons, or the isolation of cortison¢ 


the experiments which the annual announcements 
Nobel 
formed this way does not deter the textbook purve' 
That statistical tests of s 


awards bring to our attention) are not 
of this egregious doctrine. 
nificance can serve some useful purpose, in some cases | 
in some situations, is true enough—a very good 
to know, and even essential for the well-educated s 
entist. But even in their limited sphere of applica 
they may often be misleading, and a warnins 
effect is as important as a statement that the) 
helpful. 

The textbook 
reflecting the very superficial understanding 
that the 


“estimates of the 


contains many erroneous stat 


author of his subject. Thus we cead 
deviation and range are not 
normal curve, 


o in the equation of the 


s= VV 2x?2/(n—-] is an estimate. Of course, bot! 


average deviation and range do provide estimates « 


{ 


-. 


multiplication by the appropriate function 0 
Lord has recently shown that even the range is pri 
cally as efficient as the mean square estimate {01 
test.” On the same page we are told that dividing! 

n—1) in the formula for s provides a closer estima 
of 6 than does division by n, when in fact 


sample sizes the reverse is true. 
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power applying to a test or the idea of 


ie central concern in the consideration of 
ticance, is nowhere mentioned in the book. 
last chapter is headed in bold, very black 
hint that 
pro- 


ial Limits,’ and there is no 
nt mathematical statisticians do not 
rstand what these are and that many will 
are nonsense, 
the author makes no total claim for his 
erely says that after completion of the text 
should be able to understand over 80 per- 
field 


ilso be capable of designing and executing 


irticles In your apparently any field 
e experiments which you yourself may wish 
\tter all, one should hot expect more trom a 
only 249 small-sized pages 
JoseepH BrRKSON 


Biometry and Medical Statistics 


Vinnesota 


Essavs in the History and 
Herbert Dingle. New York: 


1953. ix+372 pp. Illus 


Adventure, 
phy of Science. 
losophical 
$6.00. 


Library, 


that event was made possible by the abstraction from 


the physical object ot a single set of sense-data Its 
movements. — 
Che 


treatment of particular problems as seen from his point 


collected essays of this new volume represent 


of view. Of the twenty essays, most of which have been 
published in almost as many different journals or com 
memorative publications, eight are essentially historical 


While physical 


science receives his major attention, these essays should 


and eleven are primarily philosophical 


| would welcome 
Mi nce 
sharp 


be of real interest to biologists as well 
his treatment of the sense-data abstractions of 


as another scientific adventure. Tle urges that the 
distinction between the 


of the 


factory features of the 


prac tical and philosophical Cont 
of the 


ceptions world presents om most Satis 


viewpoint and can be useful u 


esthetics Science and 


science 


the area of The last two essays 
Ethics Religion’ 


terested readers from several fields of specialization 


and and should find in 


This book deserves to be widely and thoughtfully read 
W ALDO H. 


oT California at Lo 1? ele 5 


| URGASON 


VUethods. | S. Shaw 
196 pp Illus. $5.50 


Relaxation 
Dover Pub.. 


An Introduction to 


New York 


1953 


ATHEMATICIANS, engineers, and physicist 


fences nee to Philosophy will find in this new volume today unhesitatingly attempt the solution of sys 


rental xtension of that point of view which “recent de tems of equations which were considered entirely in 


trac table only a generation ago The need for prac tical 


one ¢ ny 


nents of science forced us to take if we were to 


{ +} ° ° 
Pact true understanding of the problems of science solutions to problems in electromagnetism, fluid flow 


ncept heat conduction, elasticity, and similar fields has led to 


losophy.” Pointing out two anomolies of the cur- 
losophic outlook with reference to (a) the sub- 
ject relation as employed in the thought process 

ind being used for both the subject and the 
ind (b that is, 


d ourselves as existing not only in the present 


the concept of time we tend 
in the past and future), he proposes a new view 
ch could serve to resolve both difficulties. 
viewpoint, very clearly presented, advocates that 
Subject should be regarded as inevitably stationed 
the Object as inevitably in the 


present and 


Che two factors of philosophizing, a) Rea 
ch is active, subjective in character, and eter- 
sent (no location in time), together with (b 
e, which is passive, composed ot objec tive raw 
ind “petrified in the past” (is located in time 
cterized as having a fundamental and impor 
This that the 


facts of experience are indestructible (though 


netion, distinction recognizes 


nay be redistributed) whereas the contribution 
can be destroyed, if the assumption is made 
irticular sense-datum is already postulated as 
itary experience.” 
izing the necessity of analyzing physical ob 
the sense-data of which they are composed, 
treating these objects as units, he cites the 
iodern physical science. “Physical science as 
know it, was born with the establishment by 


d others of the principles of mechanics, and 


widespread use of numerical methods for solving sys 


tems of finite-difference equations which approximat 


to the differential equations describing phenomena of 


Interest Relaxation is one of the most powerful and 


versatile of the available methods, and possesses the 


particular advantage that all the physical intuition and 
mathematical skill of the computer are continuously in 
action to hasten convergence of the solution 

Professor Shaw gives a systematic and thorough treat 
ment of the use of relaxation methods for the solution 


of linear simultaneous algebraic equations, boundary 


value problems involving linear ordinary and_ partial 
number eigen- 


Although the 


sense that it 


differential equations, characteristic 


value) problems, and integral equations 


book is truly an introductory work in the 


can be used by the student without previous experienc: 
in relaxation, the author makes no attempt to discuss 
particular physical problems giving rise to the equa 


tions treated He chooses, instead, to emphasize the 


mathematical features of the preparation and solution 


of relaxation equations, thus achieving compactness 
and generality of treatment 

The text is tightly and, with a few minor exceptions 
clearly written. Detailed explanations of procedure are 
illustrated by examples worked step by step, including 
practical hints for reducing the labor of computation 
lables of 


are a notable 


coefhcients for “irregular stars it boun 


daries contribution to ease of calculation, 





for the experienced relaxationist as well as the occa- 
sional user. Although the index is admirable, the lack 
of a consistent system of paragraph headings is annoy- 


ing at times. Mechanical details of the printing are not 


quite up to expectations; however, the misprints are 


not likely to confuse an attentive reader. On balance, the 
errors are negligible in comparison with the evident 
virtues of this useful and illuminating text. Recom 
mended 


Cart H. WALTHER 


Civil Engineering Department 


The George Washington University 


William Hf. Peterson and | M 
Prentice-Hall, 


Ceneral Biochemistry 
New York: 
plates. $6.50 


Strong, 
Illus 


1953. ix +469 pp 


HIS attractive book is written for the large num- 

ber of persons who have considerable interest in 
the chemcal composition and metabolic processes of 
all forms of life, but whose preparation in chemistry 
and biology does not extend beyond the customary ele- 
mentary courses. The authors are experienced teachers 
and they are widely recognized for their extensive re- 
search in microbjal and nutritional biochemistry 

Approximately twelve percent of the book is devoted 
specifically to the biochemistry of microorganisms and 
plants and all the rest is general or recognizably animal 
biochemistry. There are sixteen chapters and nine of 
these describe the occurrence, properties, uses, and so 
forth, of the major classes of substances which are found 
in nearly all forms of biological material. Much of the 
remainder deals with the chemical nature of metabolic 
processes. The chapter on plant metabolism was written 
by R. H. Burris. G. W. FE. Plaut wrote the two chapters 
on enzymes and digestion. 

The rigorous approach of physical chemistry is absent 
and, in fact, practically the only physical biochemistry 
is an elementary chapter on “Acidity,” and an excellent 
elementary chapter on biological energetics. Each chap- 
ter of the book includes approximately ten to twenty 
well-chosen study questions and about the same number 
of well-selected references. There is relatively little on 
the chemical composition and properties of blood, urine, 
and tissues such as bones and teeth. 

In large part, the choice of subject matter is good 
and there is a commendable balance in the allotment 
of space to the myriad topics of biochemistry. Numer 
ous well-chosen tables and illustrations add value to 
the book. Several color plates convey useful impressions 
of certain phenomena which words or charts alone can- 
not give. However, the chapter on proteins contains four 


pages of tables on the amino acid content of proteins 
and foods, and there are over two pages of illustrations 


of crystal forms of amino acids. That would seem to 
be a disproportionate amount of space to use for these 
topics. 

Some of the facts in the book are unusual but these 
add interest and their inclusion is pedagogically sound 
It appears that there are scarcely any typographical 


errors. The book will be of value to a lar 
workers in foods, agriculture, and medical 
doubt some other groups including chem 


it of interest. 
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Scientific Explanation. R. B. Braithwait 


Cambridge Univ. Press, 1953. xii 


$8.00. 


HIS book is the publication product 
1946 at Tris 


Phe author considers that * It 


Lectures delivered in 
Cambridge 
ness of the philosopher of science primar 
make clear what is happening in scientifi 
In this book his “primary purpose is to 
logical features common to all sciences 
“Science tries to explain the lowest level ge: 
by deducing them from more general hyp: 
higher level. Such an organization of a scie1 
quires the use of subtle deductive technics 
mathematics. As sucl 


prov ided_ by pure 


hierarchies are organized for a given science 


level hypotheses presently reac h a Stage wher 
concerned with concepts which cease to be 
of things directly observable.” 

In the table of contents, number three is add 
these “theoretical terms of science,” the vocab 
Other 


clude: statistical hypotheses, probability and 


concepts not “directly observable.” 
ing within scientific systems, induction, natur 
ality, and two final chapters on various 
These 


thought-provoking sections on teleological exp 


scientific explanation. explanations 
The author considers explanation as serving 
function; 


to predict the future.” 


“Ts scientific explanation defective? Is reasonab! 


inductive belief measurable? fand! Is science 


‘ yes 
Oo! disc overy: 


Braithwaite is professor of moral philosophy 


University of Cambridge, England. He uses the 
of his specialty which includes the logi and 
of mathematics. His publishers say, “Thos: 
will find that, though they are led by a n 
expects hard work from those who go with hu 
so, his book is both a present clar'fying stimu 
future reference. 
B. Crurrorp th 


a resource reserve for 


45/7 24th A 


I ashington 


enue 
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Taxidermy, A Working Guide 


York: Ronald Press, 


Practical 
Mover. New 
Illus. $3.00 


1953. vil 


HIS 


has been 


book is an 
subtitled by 


| 
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“enabling us to appreciate connectio 


In answering such quest 


he amplifies his concept of exp! 


interesting working guid 
the author. On the 


MQO> 


HI 

















\f iest effort should prove a vood book for 


taxidermist, as it sets forth at least one 






thod of handling each type of vertebrate 





vives something of his extensive personal 

mounting animals, the preparation and 
their skins, assembling of equipment, and 
supply. The last, however, are largely con- 
firms 







it e Chicago area; there are elsewhere 
helpfully have been mentioned. Regrettably, 
bibliography. Reference should have been 
me of the more comprehensive texts dealing 
subject. A better choice of illustrations might 


author's instructions clearer. 







de the 
Withal, it is a simple and practical guide for those 
wv little or nothing about the art of taxidermy 






kK 


vho wish to preserve specimens and trophies that 








ey or their friends may collect. 
CHARLES S. EAs’ 
§. Na nal Vuseum 
m, D.C. 






f Mule Deer. Jean M. Linsdale and P. Quen 
Berkeley, Calif.: University of Califor 
567 pp. Illus. $8.50 
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1 Press, 1953. xin 





HIS is the third in a series of monographic studies 





of individual species of mammals inhabiting the 
tings Natural History Reservation in the coast range 
entral California. Like the preceding volumes, which 
iit respectively with the California ground squirrel 
and the dusky-footed 1951), it is 
sed on thousands of pages of notes resulting from 
Linsdale and his as- 






woodrat 





Q4t 





most daily field observations by 





ates extending back to 1937. 
lhe objective of the book is to describe the deer’s 
iy of life in this particular area and period. The fol 






excerpts from the senior author's preface reveal 
mething of his methods and attitudes: “Any animal 

ited to live on the area that it occupies in nature 
do, whether 





\lmost anything that we see a deer 
a group, represents an adjustment to its sur 
For the purpose of demonstrating the 





singly or in 






indings. 





leer’s many responses to a wide range of environmental 
lations in one locality, a series of examples provides 





understanding than would the combined treat 


better 








ent of them or an attempt to select typical responses 

Each segment of behavior is typical, if we are prepared 
te rpret t 

\ great virtue of this book is the fact that details 

re orded just as they were observed, whether or not 





nificance is immediately apparent. Some readers 





omplain that this technic results in seeming con- 





tions of successively presented observations or in 





of balance in the presentation of certain aspects 
It is true that some problems 





leer’s activities. 
re raised are not solved, but this reflects no dis- 
n the authors. Actually, they have done a very 
information and, where 










) of presenting basic 
interpreting it. They have had the good judg- 






ther to omit or to generalize about seemingly 





t or contradictory. observations, 











The subject matter is classified into a series of chap 
ters on structure, Communication, mannerisms, relations 
to other animals, habitat, activity, food, reproduction, 
and population. Perhaps the most interesting reading 
is to be found under “relations to other animals,” where 
the results of patient watching of undisturbed animals 
over long periods of time are set forth. Careful ob 


of they termed 
naturalists or 
the discovery of unsuspected relationships among living 
A great deal of the fascination of this search is 


animal behavior, whether are 


ecologists, find thei 


servers 


greatest rewards in 


things. 
transmitted here in such accounts as those of the antag 
the 


and surprising 


to 


onism between deer and wildcats 


tolerance and even encouragement shown by deer 
ward jays foraging through their pelage. 

Unlike most modern studies of deer in America, this 
one does not offer formulas for increasing populations 
to be make for 
the artificial control of deer 


ward zoological account of the life of certain deer under 


hunted, nor does it recommendations 


herds. It is a straightfor- 


certain conditions. Game management specialists, how- 
of the fundamental facts on 


which sound management must be 


ever, will find here many 
based 

Davin H. JoHNSON 
National Museun 

p< 


‘oan 
Washington, 


How Animals Move. James Gray, New York: Cam 
bridge I Tv Press. 1953 X11 114 pp Illus plates 
$3.00 

HIS charming little book, by a zoologist who is 


probably the outstanding living student of animal 
locomotion, presents the substance of six Christmas le 
tures given to a juvenile audience at the Roval Institu 
tion. Since living animals were used as demonstrations 
lectures must have been truly delightful, 


Che first chapter deals with “the machinery of ani 


the 


movement.” This is a lucid yet simple exposition 


mechanisms that enable animals to move 


mal 
of the basic 
about in space, aad includes the principles of propul 
using such diverse examples as man, millipede, 
leech, Nereis 


and muscular activity in animals possessing skeletons 


,10o0n 


amoeba. and and the nature of levers 


Lhe five succeeding chapters, all provided with excel 


lent illustrations, deal with the mechanisn peculiar 
respectively, to swimming, walking and running, jump 
ing and creeping, flying animals, and flapping flight 


coverage is so broad that it is not feasible to enum 


The 
erate all the animals that are included in the presenta 
tions 

[ have read each chapter with pleasure and _ profit, 
for the book possesses that rare combination of authori 
\lthough written primarily 
Fur 


tativeness and readability. 


for young people, its appeal is not limited by age 
thermore, although intended primarily for lay consump 


tion, professional biologists will find much in this little 


hook 


to those 


great value. It should appeal especially 


not 


that is of 


teachers of comparative anatomy who de 


revard their subject as mere de scriptive phylogencti 








morphology but who adhere to the pre-Gegenbaurian 
concept that it inevitably embraces both structure and 
function. 

If I may express one regret, it is for the omission of 
a list of references. 

WituuM L. 

Laboratory of Physical Anthropolog) 
The Johns Hopkins University 
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Plant Diseases in Orchard, Nursery and Garden Crops. 
Ernst Gram and Anna Weber. R. W. G. 
Evelyn Ramsden, Trans. New York: 


Library, 1953. 618 pages. Illus. + plates. $18.50. 


Dennis, Ed. 
Philosophic al 


HIS was originally published in Denmark in 1940 
1944. The English 
translation, with few changes, made from the 
latter. The book is divided into five parts: The Nature 
of Plant Diseases, 98 pages; Diseases of Tree and Bush 
Fruits, 129 pages; Diseases of Vegetables and Herba- 
ceous Fruits, 175 pages; Diseases of Ornamental Plants 


and the second edition in 


Was 


and Trees, 165 pages; and Control Measures, 37 pages. 
It is actually five books in one 

[he book is easy to read and exceptionally well 
illustrated with 10 excellent color plates. The subject 
matter has been well organized and is presented in a 
clear, concise, and pleasant manner. It is of value to 


The Danish 


authors devoted 98 pages to definitions and classifica- 


the layman and the professional worker. 


tions of diseases, causes of plant diseases, and the eco- 
nomic importance of plant diseases, The portion dealing 
with the environmental causes of plant diseases was 
discussed in considerable detail, with many examples 
and illustrations of nutritional deficiencies and ex- 
cesses that cause plant diseases, as well as illustrations 
of diseases caused by industrial fumes and smoke. ‘This 
portion is especially valuable because of the increasing 
importance of these diseases. The section dealing with 
fungi that cause plant disease was adequate, but the 
brief summaries in the sections dealing with bacteria 
and viruses are disappointing. Certainly the tremendous 
number of investigators working on viruses and_ bac- 
teria, and the number of papers published annually 
regarding these disease-inducing agents, indicate thei 
importance in plant pathology. 

The second, third, and fourth sections deal with dis- 
eases of tree and bush fruit, of vegetables and herba- 
ceous fruits, and of ornamental plants and trees. ‘The 
method of summarizing the diseases affecting each crop, 
at the end of the section dealing with the crop, is good. 
Phe use of the excellent practical key as a summary will 
be very valuable to the nonprofessional worker. A large 
number of diseases, their symptoms, causes, importance, 


and recommended control, were reviewed for the crops 


that are apparently of importance in Denmark and 
be remembered, however, that the 


must 
listed 


England. It 


authors have occur in 


only those diseases that 


countries all that have been reported. 


their and not 
The text may be of considerable importance to the 


many professional workers in plant pathology, as the 


literature has been reviewed and the infor 
available in one place, on many diseases 
were considered of little importance by may 
workers. The authors’ listing of the resist; 
ceptible varieties of crops is certainly of 
importance to anyone interested in breedin: 
resistant to diseases. 

Ihe section on control measures is well 0; 
presented in a clear, concise, but somewhat 
manner. The authors reviewed many of tl 
used in disease control and listed the most 
used chemicals and methods of using them 
valuable to the 


tion is probably not too 


agriculturalist because many of the chemi 
tioned are not available in the United States 
As a whole this book is 


the field of plant pathology and it will be used | 


a valuable contribut 
workers in agriculture, 

PHOMA 
University Farm 


University of Minnesota 


in Industry. Morris ( 
510 pp. Llus. § 


Motivation and Moral 
New York: Norton, 


1953. xvi 


HIS book gives a comprehensive coverage ol 

bearing on problems of motivation and mot 
modern industry. Most of the material deals wit! 
ditions in the United States, but there is some dis 
of similar problems in Great Britain and « 
Although the book is rather well written, at 
unduly repetitious. A tighter organization of th: 
smaller but 
biblio 


ment would have resulted in a 


expensive volume. There are extensive 
references to the appropriate literature. 
The key problems with which this book deals de1 
in large part from the basic but divergent demands 
management, on the one hand, and of employ 
the other. The former are charged with the respons 
of directing production for profits. The latter ar 


cerned with matters of wages, hours of work, p 
conditions in the plant, and with the psych 
climate in which they work. Against the backgro 
these differences the author examines a wide 
spec ifi topi S, 

How can management induce the employe: 
forth adequate effort to produce the goods and ser 
considered essential to a capitalistic econom) 
early chapters are devoted to a discussion o! 
incentive programs in industry, and how these | 
were received by the workers. A treatment of 
plans leads at once into consideration of the psy 
of motives and attitudes in relation to morale 
follows an extensive review of studies on job 
ences, the need to keep the workers inform: 
what they are doing, and the relation between « 
attitudes, supervision, and productivity, Thet 
entire chapter on the ticklish topic of partici 
levels 


workers in decision-making at various 


operation. The interplay of the formal and 
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aspects of industry are fully explored as 


, develop a sense of teamwork with respect 




































th 
| ep work sfaction, as well as to enhance output. 
Pian Figh ipters are devoted to reviewing the wide 
ig ‘ety of surveys made of the attitudes of workers. 
= e ¢ studies, such as that at Hawthorne in 1929 
P 1 the wre recent ones by the National Industrial 
nference Board, are fully discussed. There is ample 
: ah saament of the non-economic factors, such as_ the 
i xi eed for security, for recognition, and for status, as 
7 ese needs affect morale. So, too, the impact of unions 
a pon the whole situation is carefully examined. Cer- 
‘mn nly it is clear that, in the author’s words, “no single 
. " mnt or need can be des¢ ribed as predominant 
iy r all workers in the whole of industry” (p. 381 
ribu variations are many and wide. 
d bv: [he last four chapters are grouped together under a 
btitle of “guideposts for management.” Here the 
Hk hor restates “what is on the worker's mind” in the 
rm of an extended summary of his previous discussion. 
en he indicates how these findings may be applied, 
d how the attitudes of workers may be molded and 
dified with a view to reducing industrial strife and 
\ reasing morale. In the final chapter some of the 
US. oY ger problems of modern industry are pointed out. 
eal ne of these is “the spectre of ‘co-determination’.” 
sie) hat is, in addition to the improvement in devices 
vith med at economic and psychological betterment of the 
= ployees, what part, if any, may they come to assume 
is th regard to larger matters of industrial policy-making, 
a t only with respect to production but also to mar- 
” keting, capital investment, profits, and other matters 
if raditionally definitely considered the responsibility of 
el imagement and ownership? While the author notes 
re it this topic is beyond the scope of this book, his 
ah ef treatment of the matter may stimulate some read- 
il ers to think about the kinds of problems of motivation 
iis d morale that would emerge with the coming of 
sib me sort of socialism or other. They have not been 
i minated in the utopia of Muscovy. 
ive KimBatt YOUNG 
line Department of Sociology 
iad \orthwestern University 
' he Recovery of Belief. GC. FE. M. Joad. London: Faber 
ms ind Faber Ltd.; New York: Macmillan, 1953. 250 pp 
| \ 
- HIS book should, in fairness, be read as two books 
t as one. For it is, on the one hand, an impressiv 
nfession of faith; it is, on the other hand, an only 
"> partially satisfactory exposition and defense of religion 
i seneral and of Christianity in particular. 
. I nost of my life I have been a vocal and 
: | gnostic (p. 21)... . For some years past | 





e my best to practise the Christian religion 
to the ritual of the Anglican Church” (p 
. the whole endeavor to live the Christian 






eries of disappointments. Faith falters, prayer 





ttent, the consolations of religion seem few and 








doubtful, the sense of disillusion is at times keen. | hoped 


a better person; I do, indeed, at times try 
But on the whole ... I must confess that I do not often 
succeed. .. . I do not love God, or I love Him but little 
occasions when I happen to think of 
as myself, and em 


to become 


even on the rare 
Him; I do not love my neighbour 
phatically I do not do unto others as I would be done by 
My character, therefore, is little improved; the main 
change is in the ever-increasing consciousness of its need 
tor improvement. Yet while Christianity has made little 
life, truth grows 
stronger” (pp. 15-16 
words, coming as they do from a man who has spent his 


change in my my conviction of its 


These are brave and moving 
life as a professional philosopher defending an agnostic 
position. They and genuine hu 

mility. They therefore evoke my profound respect 
Professor Joad gives us his own estimate of his philo 
sophical defense of Christianity. “I should liked 
to have made this book an apologia for, a defence 


of, Christianity. Judged from this standpoint the book 


express great sincerity 


have 


a strong plea for the theistic 
it 


fails. It puts forward . . 
view of the universe, but for the particular version of 
which is maintained by the Christian Churches, though 
it holds a brief, it makes no case” (p. 245). His own 
explanation of this failure is that “the main doctrines of 
Christianity, the Incarnation, the Resurrection and the 
Ascension are strictly unbelieveable on grounds of reason 
.. They must be accepted re on faith—cre 
I must agrec 


alone. 
denda, in fact, quia impossibilia” 
that Professor Joad’s apologetic effort has largely failed, 
but his explanation of this failure is only partly valid 
All religious faith, including the Christian faith, does 
indeed transcend the realm of the purely rational. It 


does encounter and acknowledge ultimate mystery. But 
gone 


p. 243 


our wisest and most profound theologians have 
much further than has Professor Joad in establishing the 
and in rendering the central 


intelligible and meaningful 


context of this mystery 
athrmations of Christianity 
The Index of Names at the end of the book is revealing 
The only older theologians mentioned are Occam, Pas 
cal, and Schleiermacher, and their ideas are treated very 
superficially; the rest are entirely ignored. So are all of 
the chief contemporary theologians; the author acknow! 
edges indebtedness to Dean Inge, William James, C. S 
Lewis, Radhakrishman, and A. E. Tayler, but his debt 
even to these is slight. In short, the book must, I fear. 


described as theologically very uninformed and naive 


be 


Joad is at his best in the area of “natural theology 


He examines lucidly and helpfully the nature and limits 
of modern science in its relation to religion. He explores 
with vigor and incisiveness the inadequacies of out 
typical secular accounts of many perennial philosophical 
problems: mind and body, fac t and value the subjective 
and objective, form and matter, individuality and im 
mortality, free will and determinism, and evolution and 


the problem of evil. His insights into these and other 


problems seem to me to be uneven, at times (e.g., on 
the objectivity of values) sound and convincing, but 
often (e.g., on freedom versus determinism) rather un 


convincing. He is most impressive in his attacks upon the 


“intolerable shallowness” of much secular optimism a1 





in his account of the implications of moral evil really 
taken seriously. But even here his analysis lacks religious 


presuppositions are 


profundity because his own basi 
still, despite his sincere profession of Christianity, secular 


and rationalistic. To cite but one example, his conception 
of sin is not at all the Christian conception, that is, of 
man’s idolatrous repudiation of God, but rather the tra- 
ditional secular conception of moral evil. His total argu- 
ment is, nonetheless, interesting and of great potential 
profit to those to whom he is really addressing himself, 
namely, thoughtful secularists who are still unhappily 
persuaded that religion is essentially unnecessary and 
irrational. For them the book may well prove to be a 
valuable philosophical prolegomena to a sound theo- 
logical understanding of the Christian faith. 
PHrEopoRE M. GREENE 
Department of Philosophy 
Yale University 


The Suez Canal in World Affairs. Hugh J. Schonfield. 
New York: Philosophical Library, 1953. x + 174 pp. 
Illus. + plates. $4.50. 


STORY of the Suez Canal from its early begin- 

nings in ancient Egypt to 1952 is presented in 
Hugh Schonfield’s book. As such, it contains a number 
of useful data and, for someone interested in a quick 
and not too scholarly survey of the Canal’s entangled 
diplomatic history, this slender volume may provide the 
right answer. 

From the scholarly point of view, the book lacks the 
thoroughness and solidity of such serious studies as Sir 
\. T. Wilson’s The Suez Canal (London, 1933) or M. 
el-Hefnaoui’s Les Problémes Contemporains Posés par 
le Canal de Paris, 1951 But, granting that it 
was conceived rather as a piece of popularizing litera- 
ture, this book will disappoint an alert and inquisitive 
reader. In the first place, as story telling, it is uneven, 
alternating as it does the general, and rather superficial, 


Suez 


passages with overly detailed, but not necessarily com- 
plete, accounts of certain episodes. This unevenness 
seems to stem from the fact that the book is really a re- 
edited compilation of the author’s two earlier studies, 
Italy and Suez (London, 1940) and The Suez Canal 
Penguin Special, 1939), with a certain postwar ma- 
story up-to-date. The latter 
and 


terial added to bring the 
fact explains perhaps why there are many sarcastic 
detailed passages in the present volume about Musso- 
lini’s imperialism in the 1930's, passages that have a 
somewhat false ring in a study published almost twenty 
years later and purporting to be dispassionate. 

On the other hand, the author seems to get off his 
main track so often that the reader is left wondering 
as to what has happened to the principal theme—the 
Suez Canal itself. This is especially true of the parts of 
the book entitled “Drang nach Osten” and “Aftermath” 
which, by exposing the reader to such items as German 
Consul Wassmuss’ exploits in Iran (p. 64) or the hor 
rors experienced by the European Jewry and their sub- 


1 


sequent desire to settle in Palestine (p. 113), hardly 


help to keep his attention foe used on the main issue. The 


$34 


chapter on “The Canal in the Second Wor 

the final part might, by virtue of the new: 

data, have done much to recoup the value « 

but, unfortunately, they are too incomplete 

serious student or even a curious layman 
wondering to what extent did Britain and h¢ 

to rely on the Suez Canal as a strategic 

obtain a victory in the war. Had, for example, the S}, 
rushed to Egypt at the height of th 
ever been transported through the Canal 


man tanks 
in 1942 
what degree was the traffic in the Canal responsible {4 
supplying Britain with foodstuffs during the war? \\ 
proportion of the British military convoys had + 
directed via the Cape route in order to avoid the hazard 
of the Canal passage? And what about the depend 
of the British Isles and of Europe in general oy 
Suez Canal in peace time? Annual statistics on the | 
nage transiting the Canal, which the author sup; 
in an appendix, are not sufhcient in themselves t 
swer that question. Figures on the amount of raw 
terials and other vital commodities to be brought f; 
Suez to make the Marshall P 
success would have been highly illuminating, but, 


the areas east of 


they too are lacking. As a result, the reader finds 
rather hard to form a valid judgment on the re: 
portance, economic as well as strategic, of the in 
contemporary world affairs. And his puzzlement 
overly relieved by such platitudinous statements as 
in peace is there real security” (p. 144) or “it is al 
dantly evident that only lasting peace can offer 
Suez Canal any real protection” (p. 

GEORGE LEN 
Department of Political Science 
University of California at Berkeley 


Horace Miner 
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The Primitive City of Timbuctoo. 
Princeton, N. J.: Princeton Univ. Press, 


297 pp. Illus. + plates. $5.00. 


ae. as 


HIS book has a dual purpose. Its major po 
pp. 1—266 
inhabitants of the fabled city of Timbuctoo. Present 
separately, in the introduction and the final chapter 


presents a descriptive account o! t 


a theoretical discussion of the relation of Timbucto 
a city to urban theory. 

Located on the upper bend of the Niger wher 
river and desert meet, Timbuctoo has prospered thr 
the centuries, and under the various empires that 
dominated it, as a trans-shipping point. It occup 
marginal position between the Berber-speaking Tua! 
nomads of the Sahara to the north, the Mandingo sp 
ing Bambara to the west, and the Songhoi whose ca 
city, Gao, is located two hundred miles to the « 

After discussing Timbuctoo’s history and the et! 
composition of its population, the book considers di 
the organization of the city, its economics, th Is 


‘ 


and non-Islamic religious beliefs, kinship and the fa! 
patterns of conflict, and so forth. These features re 
that differences still exist betwe 


“quasi-castes” of the city’s society. The author’ 


considerable 
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vende} f 


| on th 
the t 
SUP] f 


t 


raw ma 


ht fy 
Plar 
ut, a 


hinds 


orge H. T. 


he people of Timbuctoo are neither “folk” 
but rather a “city-folk.” Whether or not 
epts of the city-folk or of the folk-urban 
wide the solution, his data raise questions 
theory and the concept of the folk so- 
basic methodological difficulty in a_ study 
as the author points out, is the lack of any 
ale for measuring the factors of seculariza- 
sonalization, and social disorganization. The 
tally true of social heterogeneity unless it is 
equated with cultural heterogeneity, and the 
the city is thus arbitrarily to be restricted to 
itan centers, 
WituiAmM Bascom 
rn University 
Illinois 


f the World. The Rushton Lectures for 1952. 
Kimble. New York: George Grady 


1953. x + 123 pp. $2.50. 


this book three sprightly, stimulating lectures are 
iithfully preserved in cold print, and serve to em- 


that a communication well designed for oral 


ntation may not be equally suited to publication, 
ially if, as in this instance, it has been carefully 


d for oral delivery and for a specific audience. 


travagant exaggerations such as “If things go on 


way [increasing average temperatures in the 


tropical regions], palm trees will soon be waving 


kefeller Plaza and New Yorkers speaking with a 
rn accent!” will be recognized as such, especially 
spoken with appropriate inflection and facial ex- 


on. In a lecture this is a legitimate way to “loosen 


unresponsive audience or to give listeners a 


ntary rest from close concentration, but readers 


1 


be trusted to react like listeners. In print, re- 


e upon the exclamation point to convey somewhat 


ious intentional deviations from truth may well 
t to be unwarranted optimism. Even the reviewer 
entirely sure whether some erroneous statements 


tongue-in-cheek. 


lectures were largely free of admissions of doubt, 


llustrative references consistently supported the 
ilizations, and citations of literature were held to 


mum—good listening, not so good reading. The 
also well suited to the platform, but unaccom- 
by Dr. Kimble’s engaging personality, at times 
ers on the flippant. 
titles of the three lec tures, “The Strength of the 
‘The Perseverance of Man,’ and “The Re- 
of Society,” indicate the general theme of in- 
optimism. The lecturer-author has obviously 
long and deeply about the significance of many 
of earth and man and he weaves the threads 
houghts into the fabric of his story. skillfully. 
‘, Situations and events drawn mostly from 
experiences in Africa and many other widely 
| areas, carry the pattern and make up the 
it the end: the earth rich but ruinable, man 


growing in knowledge of the earth and technical ability 
but confronted with explosive increases in population, 
society stable but ever changing and holding the key to 
the future of mankind on this planet. 

All through the book there are statements which will 
cause informed people to stop, reread, and take sharp 
exception. This the lecturer’s audience could not readily 
do, and so undoubtedly came away with the tapestry 
relatively unmarred. The lectures must have been 
superb. I wish I had heard them. 

Merepiru F. Burriui 
Division oT Geography 
Department of the Interior 
Washinston, D. C. 


Clay Mineralogy. Ralph E. Grim. New York: McGraw- 
Hill, 1953. xii+384 pp. Illus. + plates. $9.00. 


RCHEOLOGICAL studies give evidence that 

man has appreciated the value of clay materials 
from the earliest times. Primitive man used clay to 
make pottery and bricks. Modern man not only con- 
tinues these ancient uses, but he has found numerous 
new applications for clay materials. Because of their 
economic usefulness, the nature and properties of clays 
have been of interest and have been studied since the 
earliest times. Until very recently, however, adequate 
tools for the investigation of such fine grained materials 
as the clays have not been available. It is only within 
the last thirty years, with the development of new re- 
search tools, such as the x-ray and the electron micro- 
scope, that some insight has been gained of their fun- 
damental nature. 

After recapitulating, as a background, the older 
concepts of the nature and properties of the clay min- 
erals and what was known about them prior to 1920, 
the author attempts to “summarize available data on 
the structure, composition, properties, occurrence, and 
mode of origin of the various clay minerals whose iden- 
tities have been fairly well established.” This he is well 
qualified to do as he spent nearly twenty years as head 
of clay research, Illinois State Geological Survey, and 
has written over sixty papers covering research on clay. 
He is chairman of the National Clay Minerals Commit- 
tee and of the Executive Committee of the Interna- 
tional Committee for the Study of Clays. 

[The book is somewhat more comprehensive than the 
title indicates. In addition to bringing together and 
summarizing the results of many researches in clay min- 
eralogy, it also includes the results of work on some of 
the more chemical aspects of clays, such as ion exchange 
and clay-water systems. It includes one hundred twenty- 
one figures and hundreds of references to the literature 

It is only fair that a book be judged in terms of its 
stated objectives. In these the author has been only par- 
tially successful as his coverage of the recent literature 
is uneven and the results of some published work avail- 
able to him have not been considered, nor have the 
papers been included in the bibliography. It is also to be 
regretted that the book is somewhat marred 








curacies in references and by a lack of precision in ter- 
minology. Nevertheless it should serve as a worthwhile 
reference book for those engaged in clay minerals inves- 
tigations and for those interested in the economic uses 
of clays. 

Marcaret I). Foster 
U.S. Geological Survey 
Washington, D. C. 


Conversation with the Earth. Hans Cloos. Trans. of 


Gesprach mit der Erde by E. B. Garside; ed. by Ernst 
Cloos and Curt Dietz. New York: Alfred A. Knopf, 
1953. 409 pp. Illus. + plates + index. $5.75. 


HE English edition, Conversation with the Earth, 

of Gespradch mit der Erde is the beautifully written 
record of the travels and field work of a geologist whose 
laboratory covered a large part of the earth’s surface. 
The motivating spirit of the record is expressed by the 
author in these words: “I wanted to become, or to re- 
main, a naturalist, an explorer of the earth, a geologist” 
p. 123). It will not take the reader very long to find 
that Professor Cloos has been successful; he truly had 
his “ear to the ground.” The style of this book is so 
captivating that it is with reluctance that one lays it 
aside, 

The book consists of six parts. Part I describes the 
geology of Africa as observed on a trip down the Suez 
Canal and along the East Coast of Africa. Included, 
also, are his observations in Italy enroute to Africa, re- 
flections on the development of his interest in geology, 
and the recollections of his training for the doctorate at 
a German University. 

Part II concerns his geological observations and map- 
ping in the Indies, Java, and Borneo. His delight in his 
work is expressed: “Day in, day out, he looked for strati- 
fied rocks, examined, tested, measured their inclination, 
and rejoiced when in the course of weeks the many 
symbols began to show the beautiful oval shape of a 
dome” (p. 135). 

Part III contains observations on “The Northland,” 
the origin and structure of the ancient gneisses of 
Scandinavia. 

Part IV recounts his visit to America. He outlines his 
geological work in the Sierra Nevada where he applied 
the principle of “granitetectonic analysis.” 

Part V, entitled “Historical trip through Germany,” 
describes his geological observations in Silesia, the 
Rhine Valley, Thiiringia, and the Black Forest. He 
closes with an interesting account of the Geological 
Institute at Bonn. 

Part VI, entitled “Last Journey,” deals with his trip 
to South Africa in 1936. 

This book will fascinate the professional geologist, 
whatever his specialization. The general reader will be 
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given a glimpse of what a geologist sets out 
how he does it. Conversation with the Earth | 
excellent answer to the question “Why be a_ 
In description and narration, the author in 
readers with his delight and satisfaction in his 
The reader cannot help but feel that the: 
resonance between Hans Cloos and Mother ] 
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Machines That Built America. Roger Burling 
York: Harcourt, Brace, 1953. 214 pp. $3.5 


HE story that Roger Burlingame tells 

book is both important and fascinatin 
handles it in a highly capable manner. Poss 
obvious “feel” for his subject, as well as a 
knowledge of it, he succeeds admirably in making syct 
things as axes, jigs, tools, cotton gins, and sewing ma- 
chines come to life. Burlingame deals with 
known figures as Eli Whitney, Cyrus McCorn 
Henry Ford, and the great contributions that tl 
| progress and the building o 
But he also describes the work of less familiar 
such as Elisha Root, and Samuel and David ( 


old process 


and the new, the former involving notable ach 
by “simple country lads” and the latter the 
ments made under elaborate research prograt 
parent in the pages of the book. So too is the 
of necessity as a factor in the invention of machi 
his analysis the author places special emphas 


parts. And as a general factor that aided greatly 
this country, 
the notion of mass consumption. 

The effect of mechanical 


invention on 


ards, on leisure, and on practically all other aspects 
human life has been far-reaching indeed. Anoth« 
tor the author might have emphasized is the in 


mately associated with both the quantity of capital 
machines and factories) and its quality 
latter is largely a technical factor, whereas the 
Although the two are interrelated they 
not the same. However, Burlingame writes prim 

a historian and not as an economist, and he has 
very successful in telling in simple, lively, 
terms the story of the “machines that built At 
During recent years our author has done muc! 
quaint the American public with this story 

CLype E. 
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FIND MORE GOOD SCIENTISTS—AND SUPPORT THEIR WORK 


uary, 1954, issue of Harper's Magazine, 
Leonard Engel has a piece of competent 
puts forward a thesis, fairly convincing 
formed, that project or team research in 
nerally undesirable because of its implica- 
ver to imagination and ingenuity, the in- 
important advances in science. Writing 
title. “Get a good scientist . . . and let him 
Mr. Engel contends that the way to make prog- 
ive financial support to competent scientists, 
inquiring what they propose to do. 
ticle, though good in spots, presents neither a 


a complete picture. The reader is left con- 

bout the difference between development and 

In some illustrations, even invention is cited 
in example of research—which it is not. Moreover, 


word project requires clarification. This confusion 
be at least partially dispelled by definition and 
ment 

word research in its broadest sense means the 
npt to create or discover new knowledge. Basic re- 
h in science is motivated by the built-in drive of 
sity possessed by human beings to know more and 


ibout our physical environment; basic research 


he striving to gain an ever-increasing understanding 


ire. Such understanding is manifested in the for- 
n of “laws of nature” by which we are enabled 
letermine what will happen under conditions to 
h the laws apply. A dramatic example is Einstein’s 
, which expresses the relationship between energy 
matter, and specifically tells us, in nuclear fission 
n, how much energy (£) appears with the dis- 
nce of matter of a given mass (m) 
ipplied research, the effort is made to learn 
such understanding can be put to use. Com- 
the trilogy is development, the “practical” ap- 
ns of knowledge with specific objectives. There 
sharp boundaries dividing them. In basic re- 
for example, there may be need for some new 
which must be developed in order to facilitate 
d, make possible the quest for knowledge; and 
ipplied research and development, there may be 
of new knowledge. Generally, the distinction 
them arises in the purpose of the undertaking. 
nent usually includes activities that have little 


tionship to research, such as invention, design engi- 


ind construction of prototypes. These require 
large sums of money; hence, funds available 
)pment are usually much greater than those for 
Out of 2.1 billion dollars of federal funds for 
ind development in the fiscal year 1953, less 

ent was available for basic research—a ratio 


nt of Mr, Engel : discussion seems to be that 
nuch more basic research, and this position 
ipport. Progress in applied research and de- 


velopment, which is so indispensable to our defense, our 
nation’s health, and our industries, depends profoundly 
on the amount and quality of our fundamental knowl- 
edge. His further discussion relates to the supposedly 
best manner of getting it, and he puts forward arguments 
against procedures other than the one that constitutes 
the title of his article. 

One can find no fault with the admonition to get a 
good scientist and let him alone. To be able to find 
and identify and support such “good” scientists would 
be an effective addition to our means for increasing 
knowledge. If, however, this were the only way of stimu- 
lating and supporting basic research, it would be com- 
pletely inadequate, and we should find ourselves seri- 
ously lagging in scientific progress. 

To use a newly coined word, such as “projectitis,” is 
an effective way of emphasizing an undesirable aspect 
of some undertaking. But it is a trick word that may 
convey the idea that all projects are bad. If “projectitis” 
refers to development contracts, no doubt there exist 
the abuses cited. If by project is meant a large undertak- 
ing by a team, and if all research were carried out in 
this manner, then indeed there might be such a thing as 
“projectitis’ even in research, and it would have to be 
considered a disease causing impairment to the healthy 
quest for knowledge as it has traditionally been car- 
ried on. 

Quite apart from the potential damage that may be 
done to universities and individuals through contracts 
for the procurement of development or applied research, 
one can think also of undesirable aspects of basic re- 
search by teams. In a large undertaking, there may be 
relentless pressure on graduate students to carry on their 
studies as members of such a team; this could be as 
damaging to them as similar pressure generated under 
a development contract. In either case, there is the 
danger that the large equipment and the large group 
needed to operate it would strongly influence the depart- 
ment that has custody of the equipment and _ respon- 
sibility for the work to channel the largest possible 
number of graduate students into team research, leaving 
other areas of the science sparsely settled with graduate 
students. Once a graduate student becomes a project 
worker, he operates largely under direction and is de- 
prived of opportunities to become self-dependent and 
self-sufficient and to have adequate time in which to 
meditate upon problems that might find their function 
in important new ideas. 

Bearing on this question is the general view that the 
thesis for a doctor’s degree proclaims to anyone who 
wishes to examine it the qualifications of the candidate 
as an independent thinker and scholar. Some contracts 
are classified, “under wraps,” so that the results of the 
work may not be published. Such work should obviously 
not become the basis for a doctor’s thesis. Freedom of 


publication is as essential to true basic research as the 
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freedom that is implied in the injunction of “letting the 
scientist alone.” 

On the other hand, team research, even in basic re- 
search, has its indispensable place. There are problems 
in modern science that can be investigated and studied 
in no other way. Quantities of experimental data must 
be obtained, perhaps simultaneously by several observ- 
ers, the data must be studied and processed and reduced, 
The 


method of research is still important. So is 


and deductions must be made from the results. 
deductive 
the scientist who may prefer to work by himself, per- 
haps by the inductive method. Such an individual may 
turn up a great fundamental idea with equal or greater 
probability than the scientist who works on a team. 
There is need for both. 

In the support of basic research of whatever kind, 
there is great merit in the private foundation’s freedom 
to provide unrestricted funds for financing research by 
a team. It is under no external 


either an individual or 


compulsion but may exercise its judgment within the 


sought. Thus, in the careful appraisal 


award, good scientists are found and 


doubt, some are better than others, but 
best. If Mr. 


success will be revealed in their success, 


many of the Engel’s forn 

It is possible that the rare genius—t] 
would not be one to seek financia 
work. Maybe there is nothing that would 


million 


finding him, or prevent his being discovered 
Lacking evidence to the contrary, it may 
that he 
Such a scientist, though perhaps not recogn 


would be among those seeking | 


he is when he makes an application, would 1 
cial support contingent only on the availab 
because the application he submitted wi 
surely rank among those judged as bein 
Support. 

Anyone knows, of course, that in basic r¢ 
are no “planned” discoveries, except as | 
ploring the unknown evolve in the mind of 1 


wide bounds set by its board of trustees. However much of the basic research in nu 


In a tax-supported agency, on the other hand, such requires expensive equipment and facilities 
National Science 


different, because it has only public funds to dispense. 


ing teams. It can proceed only according t 


as the Foundation, the situation is 


which is another way of saying that the eff 


systematic. Such organized research might a 


What it does may be scrutinized and criticized by any 
a “project,” but the motive behind it would 
Many 
physics have been 
method. Without it, 


edge about the fundamental structure and 


citizen, and its actions in making grants for research or 


not be “projectitis.” important dis 


any other purpose within its functions are subject to 


public audit and review and to inquiry by any member nucleat made precis 


of the Congress, Its disbursement of funds for research we should have much 


is justifiable only on the basis of unquestionable merit. 
Thus, when an application is made by a scientist, with = Matter and energy than we now have. 
the approval of his university, for funds to support his One cannot, therefore, agree fully with 
that he 


closure regarding the general plan and purpose of the 


research, it is necessary make sufficient dis- Sion about the way to avert or to remedy th: 


cited against “projectitis.” Projects have becom 
sary part of our basic research activity; the 
effect Ve 
method of finding and identifying the unu 


work, and about other relevant matters, to permit ap- 


praisal of merit on which to base a recommendation for — Tesear her is equally necessary. An 


an award. Such a description, in a proposal, might be 


considered as setting forth a “project,” although no team liant mind has not been found. Only by mat 


research may be included. Certainly it does not lead to sible for all or most of the capable scientists to | 


“projectitis.” The proposal is reviewed and appraised — their work devotedly and without distraction 


by the most competent specialists in the field of the ap- hope for the best qualified scientists to appt 
plicant’s interest. come recognized by the quality of their work. 1] 
The law under which the National Science Founda- Port of sete good venient possible and lettir 
tion exists provides great freedom and _ flexibility of work with as little direction as possible, alon 


support of good projec ts with research teams 


action; when the award has been made, the investigator 


is unrestricted in exploring whatever leads he chooses present conditions, the way to bring about 


within his field of interest. There is no compulsion on results. 


Pau E. K 


him to do anything other than the research he contem- = 
National Science Foundation 


Washineton 25, D.C 


plates, nor is he pressed to come up periodically and 
formally with so-called progress reports. The research 
is accomplished when he has published the results, 


In its efforts to find good scientists to support, the ; 

PI Dr. Klopsteg ts associate director of the Na 
ence Foundation and, in the course of his dutte 
to give considerable thought to the points disc 


S 


Foundation can do no less than to ask an applicant for 
a statement of what he plans to do and for an estimate 
of the amount of money that would provide the support — [erter. The opinions he has expressed are per 
and do not represent any official position of the 
Science Foundation. 
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needed in the scientist's usual occupation as a member 
of the faculty of the institution by which the grant is 
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wO important new WILEY PUBLICATIONS 


EARNING THEORY, PERSONALITY THEORY, 
nd CLINICAL RESEARCH—The Kentucky Symposium 
ctures given under the auspices of the Department of Psychology, University of Kentucky, by 
d K. Adams, R. B. Ammons, John M. Butler, Raymond B. Cattell, Harry F. Harlow, Norman 
Maier, O. H. Mowrer, Donald Snygg, Kenneth W. Spence, Delos D. Wickens, and J. R. Wittenborn. 
In these 11 papers some of the nation’s most prominent psychologists offer an integration and com- 
parison of three vital fields in which there is mounting interest and activity. The book is of value to 
ill concerned with the field of learning and is of special interest for its presentation of the overall phi- 
losophy of some of the contributors—material which is not otherwise available in their writings. 1954. 


{pprox. 170 pages. Probably $3.50. 


he KINETIC BASIS of MOLECULAR BIOLOGY 


By Frank H. Johnson, Princeton University, Henry Eyring, University of Utah, and Milton J. 
Polissar, University of California, This is the first book to apply modern molecular theory systematically 
to the interpretation of biological reactions. No mere compilation, the approach is distinctive in offer 
ing an interpretation of the material and a framework for future interpretation. 1954. Approx. 756 


4 


pages. Probably $12.50. 


Send now for on-approval copies 


OHN WILEY & SONS, Inc. 440 Fourth Avenue, New York 16, N. Y. 
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Staff in the 


Use it for drying pro- 
cesses, preventing moist- 
ure damage to instruments 
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controlled atmospheres for | | | & | | BS 
tests and experiments. 
Unit capacity ranges up to RESEARCH AND DEVELOPMENT LABORATORIES 
20.000 ec. f.m. SCIENTIFIC AND ENGINEERING S1AFI 
Write for Bulletins No. 
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